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1.2-Mev accelerator at Australian National University, Canberra, is first and largest such machine in Australia. Output from 


7-stage Cockcroft- Walton generator in background is fed through RC smoothing filter in center to accelerator tube in foreground 
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THE MODEL 287 CHARGER- 
READER is used with the Model 
362 chamber, and operates from 
110 volts A.C. 


THE MODEL 392 is a battery 
operated unit for charging and 
reading the Model 506 and 507 
chambers. 


A dosimeter is an instrument which measures the total accumu- 
lated quantity (dosage) of X or gamma radiation. The reading is 
in roentgens regardless of exposure time. Pocket dosimeters, 
sometimes called pocket chambers, are either direct reading or 
indirect reading. Direct reading pocket chambers have a built-in 


optical system and electrometer, which permits the wearer to 


periodically observe the dosage which has accumulated since the 


chamber was last charged, thus enabling him to retreat from a 
hazardous area when the dosage approaches the average daily 
tolerance. Indirect reading dosimeters require a Minometer 
(charger-reader) to observe the reading. This reading is usually 


checked at the end of the working day by a competent technician. 





TYPE FULL SCALE 
. SENSITIVITY CONDITIONS 





Indirect 0.25 At or below daily Tolerance Rate 
Direct 0.25 At or above daily Tolerance Rate 
Direct & 8 Emergency 

Direct 50. © Trained personnel— Emergency 
Direct kc Civil defense, etc. 

Indirect 100. Untrained personnel — Emergency 
Indirect 200. Untrained personnel —Emergency 
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ictoreen Instrument Co. 
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New Model 101 


Magnetometer 


accurately measures 
magnetic field strength 
using the principle of 
nuclear resonance 


The Magnetometer translates the problem of sample material. Means are provided to make 
the measurement of magnetic field strength tothe _ this resonance easily viewed on an oscilloscope. 
much more accurately solved one of the measure- The nuclear resonance effect is very small and 
ment of a radio frequency. An oscillatory requires a magnetic field homogeneity of at least 
magnetic field is provided by means of a coil one part in 500 for proton resonance and one 
surrounding a sample which permits measurement part in 5000 for lithium over the dimension of 
of proton resonance and the nuclear resonance of _ the sample, to be readily detected. Due to its very 
lithium (Li’). The coil is part of an oscillator high available accuracy, limited only by the accu- 
which is so designed that its level of oscillation racy of the frequency measuring equipment, the 
drops with an increase in circuit losses, such as | Magnetometer has many applications in the fields 
may be introduced by nuclear resonance in the _ of research, instruction and control. 








SPECIFICATIONS 


ze of Magnetic Field Strength Frequency Range 
Proton resonance: 300-8000 gauss Probe 1: 1.18 to 2.84 mc_ Probe 2: 2.61 to 6.25 mc 
Lithium resonance: 7000-25000 gauss Probe 3: 5.6 to 13.5 mc Probe 4: 13 to 34 mc 


Frequency to Field Ratio Area of Sample Material 

Protons: 4257.76 + 0.10 A/ gauss Probe 1: 0.5 sq. cm. Probe 2: 0.3 sq. cm. 

Lithium (Li’): 1654.61 + 0.10%/ gauss Probes 3 and 4: 0.32 sq. cm. 

Modulation Sweep Width Range Size of Probe and Cable 

1.6 to 16 gauss Cable: 18” long Probe: 34" Diam. 54" W. 

Power Requirement Size of Units 

115 volts, 60 cycles, 30 watts Oscillator Cabinet: 7% 2" W x 9746" Dx 7%" H 
Power Supply Cabinet: 134%" W x 10%" D x 846" H 
Price —$725 F. O. B. Boston, Mass. 





For complete information see your LFE engineering representative or write direct. 
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. FOR HOT LAB’ EQUIPMENT 
F YOU CAN DEPEND ON 


Model PR-3 SURVEY INSTRUMENT 


Specifically designed for 
portable field and laboratory 
use, this Radiation surveys 
instrument offers 3 individ 
ual scales of .2, 2.0, and 2 
MR/HR. Scales are in dis 
tinctive colors and auto 
matically change with ranee 
switch, preventing visual 
reading error Easily ri 
cessible battery compart- 
ent permits changes of in- 
expensive “A” and “B” bat- 
teries Probe has i 
cable This instrument 


rugged and hehtweieht 


Model RM 4B COUNTING RATE METER 


A complete count- 
ing rate meter ol 
laboratory accuracy 

th scin 


ers has input s¢ 
sitivity of 4 ] 
Gives fast indica- 
tion of radiation 
ntensity. Meter 
calibrated in both 


b O00, 30,000, and 
ded. A loudspeaker permits 
d high voltage supply applies 
iter tube. Terminals provided 
pre-amplifer. Write for 


LS 64 SS 
LABORATORY SCINTILLATION SCALER 


rate Binary laboratory scintillation 

precise measurements of radiation intensities 
I ! le Higinbotham scaling circuit with a built- 
in impulse regis 

ter. Scaling ratios 

at 4, 8, 32, or 

6+. Sixteen pre- 

determined shut 

off points. Term- 

inations provided 

for oscilloscope, 

synchronous 

clock, and pre- 


set timer 
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PR 50 IONIZATION 
TYPE SURVEY METER 


A wide range ionization cham- 
ber type gamma survey meter 
for rugged field or portable 
laboratory use. Five full ranges 
of 5, 90, 500, 5000, and 
50,000 MR/HR are read di- 
rectly from a lar + inch meter. Meter scale colors change 
with range to eliminate visual error. Off, battery check, 
and zero adjust positions are provided. This meter meets 
all requirements for Civil Defense. Constructed to military 
specifications. Has a calibration accuracy of +15°>. Write 


for Bullet 


Model SDH—SCINTILLATION 
COUNTER 

n counter head for mak 
\ measurement 

s containing a 

plier tubs sul 

tal shield. A Na 

rystal is mounted 
lucite holder to 

ind a cylindrical lead 
ounds the crystal 
complete with 

nd cable. Writ 


Model LSC—SHIELDED 
SAMPLE TEST CHANGER 


idings through low- 
ind count make 
i sample test 
reliable. Two 
front of and 


drawer 


2647 N. Howard St., Phila. 33, Pa. 














MODEL AH-1 
GAMMOMETER 


a radiation 
measuring 
instrument 

requiring 


NO HIGH VOLTAGE 
POWER SUPPLY 


Utilizing the newly introduced, exclusive OHMART 
Cell (in which radioactive energy is converted directly 
into electrical energy) as the radioactive element, the 
OHMART Model AH-1 Gammometer requires NO 
high voltage power supply. The result is an instrument 
unparalleled in its field for long-time precision, de- 
pendability, and simplicity of operation. No longer is 
it necessary to hire special staffs of electronics ex- 
perts to operate and maintain complicated equip- 
ment—thanks to the instrument's amazing simplicity. 
And this simplicity, plus the advantage of direct read- 
ings, means that time is saved, errors are reduced in 
day to day use—hence further savings for you. 


The Model AH-] Gammometer is designed for the 
analytical measurement of microcurie quantities of 
gomma activity. Applications may be made for precise 
measurement of radioisotopes required in following 
chemical processes, in isotope evaluation, and in dos- 
age preparation. The unit will take liquid samples up 





diameter by 2” in length. Samples are placed in a 
well in the center of the cell, resulting in increased pre- 
cision, since the quantities of activity are much larger 
than when slides are prepared, and geometry errors 
are minimized. The ranges are 1, 10, 100 and 1000 
microcuries; a master calibration control, permitting 
calibration for the material being measured, makes it 
possible to obtain results directly in terms of micro- 
curies of activity without any calculations. The price 
of the Model AH-1 Gammometer is $580.00 F.O.B. 
Cincinnati, less tax; for convenient portability, a blue 
leatherette, felt-lined carrying case is available for 
an additional $31.00. 


Also available are the models AH and A Gammo- 
meters, with ranges from as low as .] microcurie to 
10,000 microcuries full scale calibrated in terms of 
radium (standard), lodine-131, or Cobalt-60. For 
measurement of ambient field intensityethe units are 
available calibrated in milliroentgen per hour from 


to 15 milliliters; and solid samples up to %” outside 1 to 10,000 mr/hr. full scale. 


Inquire today about these and the other instruments in the OHMART line. THE 
OHMART 
CORPORATION 


2347 FERGUSON RD « CINCINNATI 38, OHIO 
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ANALYSIS 


consolidated engineering 


corporation 


l Instruments for Science and Industry 
300 No. Sierra Madre Villa 


Pasadena 8, California 
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— =H ——2~ Seb - 


one man 

and one instrument 
give you better answers 
faster 


GAS OR LIGHT LIQUIDS 


ANALYSIS 


A complete, accurate analysis of a complex 
chemical mixture can now be made by one 
minutes instead of hours or even days 


>) 


103 Consolidated 


analyzed may be composed of 
organic or inorganic compounds. Virtually any 
gas or liquid sample may be handled so long as the 
individual components in the mixture exert a 
minimum vapor pressure of 250 microns at 
room temperature. Trace impurities constituting 
as little as 0.001 mole per cent of the mixture 
can be determined 
Speed and accuracy of analysis, together with 
versatility, make this the ideal instrument for the 
chemical industry. For further information on 
the Model 21-103, write for Bulletin CEC-1800B. 


analytical 
mass spectrometer 


analytical service —analysis by 
mass spect metry ts Offered to 
quantity of samples does not justify 
fan instrument, For CcOSsSIS 
ples and other details, write 
inalytical Service Bulletin, 





When Workin i 
with , iy 


High Vacuum 


Select the equipment to fit the job from 


the complete line of National Research 


. 
a ae Sree 
Panag ter 





Vacuum Equipment 
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Special 
Equipment 
and Plant 
Installations 


d 


V250 Rotary Condenser. A typico! proc 
essing unit ina large, high vacuum plant 
which we designed and built 





Vacuum Fusion Gas Analyzer. Analyzes 
metals and alloys, including titanium, 
for combined or dissolved oxygen, nitro 
gen, and hydrogen 


This is only a part of the com- 
plete line of National Research 
equipment. Our equipment is de- 
signed to fulfill practical perform- 
ance requirements of vacuum 
equipment users. 


Gain the benefits of the high stand- 
ards of practical performance built 
into all National Research products. 
Write us for further details. 





National Research Corporation 


Equipment Division 


SEVENTY MEMORIAL DRIVE, CAMBRIDGE, MASSACHUSETTS 
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1 G-E UNIVERSAL SCINTILLATION COUNTER detects alpl 


} rr ] 1 ‘ + 
gZ thermal neutron radiation 


1 


To help safeguard personnel encountering radioactive 
materials, the G-E Scintillation Counter (above) is also 
obtainable in portable form. Standard connector at rear 
of probe allows connecting cable of any length up to 50 
feet. It is well adapted for contamination surveys of 
particle accelerators and nuclear reactors. A modified 
probe can be used for water monitoring 
The long-probe (below) is supplied in either four- or six- 
ths. Range from 0.3 to 3000 roentgens per hour. 
] ‘ 


foot leng 
s from batteries in lightweight carrying 


Power is obtains 
case, permitting complete portability. 


Write for catalog GEA-5735 to: General Electric Co., 
Sect. 687-93, Schenectady 5, N. Y 


> pind ALPHA HAND bene ee hy a i me dhe = G E N E = A L $6) E LE CT R { C 


radiation. Helps locate beam of particle accelerators with nimum risk t 


ae LONG PROBE GAMMA SURVEY METER monitors areas of high-level 
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Power vs Isotopes 


ving in an age when readers 
Fiction that 


scientific discoveries or ideas are ‘old 


SCENE claim 


imagination is jolted nearly every day 
field 


an announcement from Paris last 


idvances Ih the atomic energy 
nstance. 
nth tol about the proposed use ol the French 
tor in an attempt to solve an “ Arsenie and 


1 Lace’? murder case. Sample hair from the 
ds of each of eleven supposed victims ol 
poisoning are to be irradiated in the 
the hopes that the amounts of radio- 

arsenic formed will provide the solution. 
Chis is only one of numerous dramatic uses of 
l their radio- 


clear reactors or byproducts 


opes—which pop up constantly It 


raises 


juestion of what the long-range effect of 


energy will be Will nuclear power or 
sotopes— which are what we mean when we 


about atomic energy have the greater 


nus 


he power aspect has been debated hotly month 


er month Sut right now it is thought of 


ery limited terms. Insufficient engineering 
is been done to permit any valid estimates on 
ether nuclear power can compete economically 

ventional systems. Studies being car- 
now are predicated on the fact that 
the cost of a nuclear power plant would 
to be paid for by the Government in the 

guaranteed price for plutonium 
will probably pass through two 
first where nuclear power is not 
In the 


lear power plants will spring up where 


>and the second where it is 


their special characteristics make them particu- 
The likely 


the weightless nuclear fuel will permit 


irly suitable most situation is 


vhere 


ywer plants in places where the distance from 


conventional fuel markets makes the cost of such 
fuel prohibitive Such places might be countries 
or parts of countries which are undeveloped or 
have untapped natural resources awaiting the 
availability of fuel (nother likely application, 
which is being diligently pursued by the mili- 
tary, is in nucle ir-propelled ships and aircraft 

hen nuclear 


power becomes competitiy e, 


either because of technological advances 
ol because ol increased costs oI disappearance 
of other power sources, it will obviously begin 
to encroach on areas served by present central 
power stations 

The most valuable long-term effect of nuclear 
power may be the possibility for further develop- 
ment of the resources of this country and the 
rest of the world. There would then be the 
continued existence of a billion-dollar industry, 
including mining, refining, separating and chem- 
ical processing plants 

The value of radioisotopes will be felt in an 
different Benefits from nuclear 


entirely way 


power will probably be easily measurable in 


dollars and cents. Not so with radioisotopes 
They are already useful in every branch of 
They 
are doing things that can’t be done by other 
They 


frontiers of basic knowledge. 


science and in many phases of industry. 
methods are helping to push back the 
They are aiding 
in improving and controlling industrial processes 

\ll their applications may not be as spectacu- 
lar as that in the French murder case, but in 
addition to saving lives or money, radioisotopes 
are sure to add to our knowledge and technology 
in Ways undreamed of today. 

If the impact ol nuclear power 1s like that of a 
giant who can’t conceal his presence, the merit 
of a radioisotope is like that of a pygmy who 
works unobtrusively, quietly—and surely. 


J DL. 





What's Wrong with 
Our Atomic Energy Program 


An oustanding scientist who for 2'» years held the important post of 
Director of Research of the AEC tells why we do not yet have nuclear power 
plants. In a forthright analysis of the AEC organization, 


Dr. Pitzer is strongly critical of the extensive use of advisory committees 





KENNETH S. PITZER 





tori 


it this 
But there are contracting meth- 


ich give the contractor an extra 
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fliciency which 


more widely than they 

iwress should encourage 

ssion to suggest means by 

legree of monopoly could be 

1 should then cooperate in 
ntation 

must be admitted that 

me time to get away trom 

Can we not make 

gress toward both mili- 

ind useful atomic 


meantime? I believe 


r the first reactors and 
produced 
hree vears At that 


re actually 


& major disugree- 

» best route to follow in a 
both routes were fol- 

yre recent period the 

the usual case—when 

ose neither route was 

1 an exhaustive series of 
studies was completed. 

ht well delay the project a 
wre. Such delays are ac- 
expensive because all sorts of 


sts continue during the indecision. 
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After the succe | 

Hanford reactors, the : 

to build a power reactor 

no more difficult than had been the 
original wartime assigni Yet it 
was over six vears later when the 
reactor at Idaho fir 
last December 


ad 100 Kw 


The slowness did not arise 
lac k ol designs tor power reac tors wl 


re putable scientists and engineers were 
] 


willing to build and_ test It came 
} 
I 


rather from an unwillingness of the 
Commission to proceed 
of these designs until al 
agreed that this was the best 

The situation might be 
an automobile equipped wit! 
brake levers for each passe 
every road junction the 
only had to discuss his pret 
route with his riders, but 
wait until all were convinced 
any one could stop the car Consider- 
ing that the power reactor territory 
is not clearly mapped, it is not surpris- 
ing that more time was spent station- 
We need either to 


remove some of the extra brakes or to 


ary than moving. 


SUMMARY OF CRITICISMS 
By 
KENNETH S. PITZER 


‘In many cases, the basic rules 
of procedure are not conducive 
to the best results.”’ 


‘Monopoly tends to be a com- 
fortable position."’ 


‘How can we ever find the true 
cost of atomic power if the actual 
costs are inflated2”’ 


‘There are contracting methods 
which give the contractor an extra 
profit if he improves efficiency 
which could be used more widely 
than they are."’ 


“Can we not make more rapid 
progress toward both military 
atomic 


objectives and useful 


power?”’ 


“‘Slowness [in building a power 


reactor . came... from an 


unwillingness ... to proceed 
with any one of these designs 
until all of the advisers agreed 


that this was the best design."’ 


“| presume |the advisory com- 
mittees| of noted experts were 
intended to shield the Commis- 
sion itself from criticism if some 
project should fail."’ 


“We have gone to silly ex- 
tremes [in safety measures for 


reactors|."' 


‘This decision |to postpone build- 
ing of certain key reactors until 
an ultrasafe proving ground could 
be found! delayed the reactor 
development program at least a 
year." 


“Far too many [of the advisory 
committees} are actually im- 
peding the work in spite of good 
intentions.”’ 

‘The proper role of the General 
Advisory Committee has now 
changed and there needs to 
be a corresponding change in 
membership.”’ 


11 








AEC COMMITTEE SYSTEM 


The 20 committees listed below provide a framework within which the AEC operates. The first three are statutory 
required by the McMahon Act). There are 14 so-called advisory bodies. Some of these are permanent, others are 


temporary. The number of these has fluctuated. 


Statutory Committees relating 
; MeMal 
Joint Congressional Committee on Atomic Energy 
Advisory Committee on Personnel Management 


Nleets r nth and ntinuously reviews AEC’s 
Personnel Security Review Board 
Military Liaison Committee 


Ah 


General Advisory Committee 


h¢ tif ri i i I i 
, : Committee on Raw Materials 


Advises juestions of « 


Senior Responsible Reviewers 
the AK¢ 
(he 


Advisory Bodies to the AEC 


Advisory Committee on Biology and Medicine 


VE 


Advisory Committee on Chemistry 


\ 


Community Operations Panel 


Ad Hoc 
Advisory Board of Contract Appeals Industry 


He t t ! unde! lisp ! Ac 
AR 
Advisory Committee on Isotope Distribution 


\ 


Atomic Energy Labor Relations Panel 
] | | 5 Pres 


Patent Advisory Panel 
Makes 
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lers to men who will reply to the 
take the road that you think 
ahead.” 
there is 
r with a brake 
itself. 


nove 
LlOg\ one neces- 
lever 

How- 
there 
They 
titude of part-time advisory 
board Although the 


oards 
I presume these 


Mmussion 
other passengers are 


mission’s invitation 


not stated 
noted experts were intended 
itself Irom 


Tall 


OlnMmission 


project should 


e you one example of 


board tends to ope rate 


Extremes in Safety 
s potentially explosive 
tank 


considerations are 


or a gus 
es, analogous 
boiler, should 
tors as safe 


must be 
questions the 


very 
need of 
afety features, but we 
to silly extremes 
Ridge 
large 


ated test sites 


Argonne 


ire situated on 


and Oak 
where iso 
The reactor designers 
ries included 
their 
it would be 


all types 

itures in plans. 

entirely 

isk an independent 

heck these designs to 

‘re made 

that, the committee 

rt whether there was 

ration of the 

proposed. Of 

hypothesize 

and that 

sabotage Is 

) assume the 

Oss litv in every 
rt of the catastrophe 

» tank truck 

\ SIVe mn a 

[NT bomb and = should 

city at all. Yet 

dents involving gaso- 

ximum_ explosion 


urred. It 


bid gasol ne 


would be 

trucks to 

reets—more moderate 
» sufficient. 

as ever exploded, and 

learning how to 

safer types. Still, when a 

s asked, effectively, to take 

reactor safety with- 


comn 


responsi! tv tor 
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out any balanced authority over mode 
I do not 
out these 
Yet the 
issued, led the 
to ho 


of operation or other factors 


blame them for pointing 


ridiculously remote risks 


once formally 


report, 
cautious Commission 
reactor projects until the 
Proving Ground could be pro« 
The Proving Ground 
investment, because 


possible to test the most 


wise 


and sensitive reactors 
caution that nearby popu 
But the safer 


models could have been bu 


necessitate 


any significant risk on the 
Oak Ridge 


Argonne and 


great savings in both time 


reactor development prograt 
a veal The mistake was 
to trust the laborator 
reactor project) eng 


men who knew the mx 
problems and the men w 
staking their 


the safety of their designs 


reputations 


Multitude of Advisers 
The last AEC report shoy 
of these part time advisory 
appointed by the 
addition to the several statutory 
these grou! 


Commission 


mittees. Some ol 


helping to get the job d 
too 


one 
afraid fat many of ther 
tually impeding the work 
good These sl 


be abolished or shi 


intentions. 


subordinate offici: 
efforts in a construct 
There are 


the broth before it 


now too many 
is ser 
too many sources of a! 
tive 
then nearly 


The AEC hi 


men in charge ol 


decision which, once 


impossible to 


most 


and laboratories. The 


should show more 
Ot course, HM any indy 

merit this confidence, they 
placed The Commission she 
the goal and the budget clear 


group that 


h eact 
case and then support the 
is doing the job instead of calling upon 
part time advisers and consultants to 
double and triple check each step 

In summary the rule changes should 
incentive to efficiency 


bring in more 


and cost reduction and should give 


greater authority to project managers 


who are getting jobs done. 


that 


staff 


leads to my suggestion 

the 

desirable I reter 

the 
statutory 


This 


some changes in coaching 


would be particu- 


some ol most influential 


the 


larly to 
members of General 
Advisory ( 
continuously 
of the 
men for whom I have a very high 
Oo doubt 


‘ommittee who have served 


since the establishment 
Commission. These are 


sonal regard they se 

an important role during the 

when new leaders were being developed 
in the laboratories However l believe 
the proper role of the General Advisory 
Committee has now changed and there 
needs to be a corresponding change in 


We now 


pointing 


membership need men who 


will specialize in out new 
fields to explore rather than in double 
checking decisions in projects already 


under way 


Enthusiasm Needed 
Also 


these Committee 


I am sorry to say that some 


members of long 


stunding seem to have remarkably 
little enthusiasm for the primary goals 


Their 


oyects 


of the atomic energy program 
recommendations on military 
ive, of course, secret, and I am not 
Concern- 


it liberty to discuss them 


ing useful power, some have spoken 


James B. 
stated that he has little hope for useful 


publicly. Dr. Conant has 
atomic power and has predicted that 
in the 1960's the effort in that direction 
abandoned. Certain other 
the 


similar 


will be 


members of committee have ex- 


pressed opinions Certainly 
should be 


faith and 


more constructive advice 


obtainable from men with 
enthusiasm in the job to be done 
There are men of comparable stature 
who are on record as believing great 
new developments in atomic energy are 


These include Dr. Harold C, 
Urey, Nobel Laureate, Dr. Farrington 


possible 


Daniels, 


president-elect of the Ameri- 

and Dr. Charl 
Thomas ex-president ol A( ‘Ss and pre =- 
ident of Monsanto Chemical Co 


can Chemical Society, irles 


When Mr 


enthusiasm for the atomic energy job 


Lilienthal had lost his 


he stepped aside. I am sure we will 
get more vigorous leadership, both on 
the Commission and on the advisory 


committees, from men who have en- 
thusiasm for the general program than 
from those who do not 


. + @ 
is based on an address before 
1 meri- 


Angeles, Califor- 


This article 
the Souther 
can Chemical Society, Los 
1962 


n California Section of the 


nia, March 7, 
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Survey Methods 


for 
Slow Neutrons 


MOY 
wd etait , re FIG. 1 Rear view of balanced-chamber type slow-neutron 
Lal Department hy survey instrument. Rear wall is removed. Microammeter and 


controls are on front 


The neutron hazard around accelerators and reactors can best be evaluated by 
considering separately the different energy regions. Reviewed here are 


three methods for measuring thermal and near-thermal neutrons 





evaluated by 
mal experiments 
to range Irom 
trons to about 
energy neutrons 
obtained may ais¢ 
particular biologi 
observation 
ments a value 
neutrons may be indic: 
It is generally 
reason for the greater biolo 
age associated Ww elerators that de- 
cles with energies 


lonization compar 
hundreds of Mev 


X-rays or gamm rit - I he lng nto the 
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1a few sper ial consider 


high-energy neutrons from 
hines almost cor ipletely domi- 

shielding problem, being 
re penetrating than any 
ition Also, such neu- 
ipable of producing nuclear 

| a large fraction of 
may be delivered 
the 


rgy nuclear fragments. 


lume of space in 


ve "selective detection 


these energies requires 


te distinct from those 
e last region. 
concerned simply with an 
the specific energy ab- 
biological tissue from a 
ot any one 


to the 


tvpe may 
~ tissue-equiva- 
ber tecl nique so carefully 


and by 


rior knowledge is avail- 


Gray Failla and 
» relative biological 

radi field in 
is assumed that the 


in soft 


ition 
tissue (usu- 
“roentgen equiva- 
multiplied by this 

il effectiveness will 
then the 


ers (or ot approxl- 


red hazard index 


is to be recommended. 
the present 

issumes a desire to 
is components of a 
particular the 
Meth- 


estimating 


adou 

mn contributions. 
ibed for 
energy absorption 
near-thermal 
the 
Fig. 1. 
and 


and 
these uses 
shown in 
0.3-15 Mev 
ibove 20 Mev) neutrons 
article 


cribed in an in the 


NUCLEONICS 


Whenever desires to 


alternative methods in a given 
either 


feasible, one 
employ 
provide 


validity. 


evaluation so as to 


assurance, or criticism, Of its 
The discussion here is not exhaustive, 
but will involve some of the leading 
ideas currently in use 

From the standpoint of biological 
effects 
which capture by nitrogen nuclei 
the 


the development of 


those for 
ind 


phe- 


ab- 


] 


biologic il 


slow neutrons are 


by protons are important 
nomena in 
energy within a 
This 


here 


sorbable 
slow 


the 


medium (4 means that 


neutrons will include bot 
thermal and capture-resonance energy 
regions 


At these 
transfers by elasti 


low energies 
energ\ 
sufficiently large 


are neither 


parti 


rupture many chemical bonds 


duce many ionizing 
and the 
outstanding processes by which dam- 
age may occur will be such exothermic 


capture events as those mentioned 
The capture by protons yields 
2.2-Mev gamma radiation; the nitr 
capture NU(n pyc, 


0.62 Mev available to the proton 


above 
wen 
reaction is with 
lo measure selectively the 
neutron flux 
taken of certain unique reactions which 


be measured easily, the 
I idi a- 


density, advantage is 


can even In 
presence of effects due to gamm 

tion fast I 
also contribute to the field 


and neutrons wl 


among such reactions is the 


event B!(n,a)Li 


BF., Counters 
The 


volume, J 


neutron 
of BF 


per em 


rate of 
In tu 
N atoms of B 


R VV fini 


where nit is the densit 


per unit velocity intery 





Neutron Classifications 


There are three classes of neutrons, based on their energies 


1. Slow neutrons have thermal and near-thermal energies below, 0.3 


Mev. 


2. Fast neutrons have energies above the capture-resonance region, 
0.3 Mev, and up to about 15 Mev. 


3. High-energy neutrons have energies greater than typical nuclear 


binding energies, 15 or 20 Mev. 
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v, and o(v) is the B'® capture cross 
section at velocity v. 
Since o(v) is nearly proportional to 


1/v in the slow neutron region, it may 


be written as 
ao Tato t 


is the thermal capture cross 
section for B? 
the 


2.2 X 10 


Ww here a 


3,960 barns) and ro is 


therynal-neutron velocity 


Then 


mean 


em sec 


NVoovop 


R VVoot [n v)dt 


where pis the numerical density of slow 
neutrons 
Thus a 


speaking 


BF; counter is, strictly 
sensitive to the integrated 
within 
range in which the 1/2 
valid. If the velocity 


known 


numerical density of neutrons 


the 


dependent e is 


velocity 
spectrum, m(v), 18 sufficiently 
well to define an average velocity 3, 


then the flux density is given by 


R 


OY" NVe 


the velocity 


for a neutron atmosphere 


In practice spectrum 
which has 
penetrated the typical shielding around 
& neutron source (cyclotron, ete.) 1s 
at thermal energies to 


for the 


peaked enough 
illow approximation of 0 byt 
accuracy needed in slow-neutron hazard 
evaluation In any case the degree 
the BF; is 
about 0.5 ev 


to which responding to 


neutrons above may be 
enclosing the chamber 


20 or 30 mils thick), 


ascertained by 
in a sheet of Cd 


which | 


will absorb nearly all the neu- 
trons below this energy 

Measurement of 2, the rate of B' 
capture events, may be accomplished 
by pulse counting, the volume V being 
the sensitive volume of a proportional 
ionization chamber. 
the 


large compared to the range of the 


counter or of an 
If the dimensions of volume are 
alpha particle and of the recoil Li’ 
nucleus, the wall effects are small, and 
the sensitive volume is easily estimated 
The foregoing has assumed that 
slow-neutron absorption by the counter 
walls is Whether or not 
this is true depends upon the material 
and thickness of the walls. These 
should be so chosen as to make this 
effect calculable 
known capture 
particular, 
containing boron (such as Pyrex glass) 


negligible. 


small, and from 


slow-neutron cross 


sections. In glass walls 


Important aspects 
15 


are to be avoided, 
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balanced-chamber instrument FIG. 3. Plot of (f)r from data of Rush 10 
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1 for hydrogen, and 
ren outoms per 
‘his normalization 
» fact that 

» source are 

The 
In Fig. 3 is 


capture 


ulated from 
\ certain 
involved in 
0 
in foil work 
of thermal- 
it pr vduced 
ince capture 
ring activa- 
ind without 
corrections 
resonance 
te Och depression 
x density by the detecting 
issed by Feld These 


i by proper design of 


nt 
r 


Typically the absolute 
for thin indium fo 
h that 


related to 


efficiency 
made suc thermal-ne 


density is 


factor neal and A and 
» the initial 


the 


saturates ounting 


rates foils (in epm) exposed 
uncovered and covered ith ¢ 
respectively 

In summary, an 
needs knowledge of 
neutron flux density whi 
within biological tissue 
given neutron field, one ma 
detectors in a tissue-equival 
water does quite well 
and determine 
with and 
velope (0.020-in, thick Cd is 
This 
that 
known flux as given by Eq. 3. Or, i 


in this « 
proper size 
activation without 
wtivation is then comp 


obtained in «a water tank with 


counting efficiency is accurately calcu- 
lated, so that the C in Eq. 4 is known 


this latter formula may be used. 


BIBLIOGRAPHY 


Noucveontics 4, N 
; M 


bers and 
Series 


aw-Hill Be 


Eenerg 
MeGr 
1949) 


Nvucieontcs 8, No. 6 
1951) 

MDDC-87s8 (1° 

Rev. 73, 271 (1948 





The Care and Bleeding of Elephants 


EQUIPMENT 18 

ear research \t 
Rochester, work on 
idiations called 
Here is 
experimental 
Mr. Strassle, 
the group was 

s two-room suite at 
Phe elephant mani- 
the 


Strassle 


ble uneasiness at 
rangers.t My 
maneuvered 


she stood 


1 skillfully 
so that 
This favorable situa- 
by Mr 


handfuls of 


Strassle's 
large 
rvals, the length 
ing determined 

speed with which Sally 

ind reopen her mouth 


indy supply ran out 
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at crueai moments Mr Strassle 


saved the situation in these instances 
by thrusting his empty hist qui klv into 
and out of Sally’s moutl ifter whi 
Sally would swallow contented! 


\ fresh 


procured each time 


candy 


supp of 
Sally's gullibility 


were 


estimated that 


the ele] 
half bushel of eandy in 

c Inspection ol Sally 
the veins in the ears were 
and superficial, and they would hay 
been ideal for venepuncture except that 
1) the ears were in constant vigo 


rous 


motion, (2) Sally seemed to be quite 
apprehensive about having 
looking at het 
could 
the ai ol a 
rvested that the tail 


people even 
ears, and (. the ear 


veins have been reached only 


with vdder Further 


Inspection sug 
might be a suitable site for obtaining 


blood, 


of vision, 


since it was out of Sally's range 


Consequently, with one zoo 
attendant steadying the elephant’s tail, 
3-4 ce of 1° ected 


subcutaneously 


procaine were il 
about half-way 
could be felt 


appendage No 
through the 


vein 


extremely thick, tough 


skin, 2 


aspirate blood into a syringe, the idea 


nd after one or two attempts to 
of yvenepuncture was abandoned, and 
blood was obtained by repeatedly 
sticking the tail 
with a No. 1S 
Each time several large drops of blood 
flowed 
The fr 
up into pipettes and discharged a drop 
blood 


\ttempts were also made to 


vigorously in the pro- 
cainized area needle 
freely from the puncture site 


‘ly flowing drops were drawn 


it a time onto coverslips for 
smears 
obtain routine dilutions for red and 
white blood cell counts and hemoglobin 
The blood tended to 
however, and since 
the 


with 


determinations 


clot very rapidly, 


smears received priority, not all 


routine counts obtained 


desirable accuracy. 


were 


“The bleeding procedure was com- 
plicated only by Sally s attempts to sit 
down when the needle extended beyond 
the procainized area. This required 
critically timed prodding and shouting 
on the the tail attendant, 
and gave rise to a certain 


but other- 


part of 
wariness 
of the entire tail-end crew 
Wise Was not a serious detriment to the 


experiment 
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ENRICHED URANIUM FUEL, while it offers many advantages, is expensive. Producing it is a costly process; the cooling towers in the 
foreground are only a small part of the 60-acre gaseous diffusion plant at Oak Ridge, Tenn., where U*"* is separated from U 


PROGRESS REPORT 


Military effort continues to dominate the reactor field. But this work is producing 


useful data on selection of fuel, coolant, and neutron energy for civilian power reactors 


By K. H. KINGDON 


echr Vv 


r reactor 
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PLUTONIUM, like enriched uranium, is highly fissionable and therefore a concentrated fuel source 





It too is expensive; only a small 


portion of the Hanford Works, Washington, where plutonium is produced by irradiation of natural uranium in nuclear reactors, is shown 


on NUCLEAR POWER 


to the Western world 


he 

omes [rom 

in the Bel- 

rica. Natural 
ributed through- 

ld, but most 

iso little uranium 

s unprofitable to 

» the finished metal 
found in various 
the Colorado 
States These 

g in- 
sources 
those in 
possible to 
quantities of ura- 
ccumulated waste 
iw area ol South 
program is under 

tthis uranium. It seems 
that a lequate quantities 


are and will be available 
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itomic energ developn 


ie presently 


he raw ores are first 


processed and then split into 


nels One of these takes t 


omuction 
as fuel 
Hanford 
cle The 


ore nto the 


for reactors, sucl 


uranium metal that is 
is those 
n which plutonium is 
| 


other channel takes the 


produc tion of uranium 


nto hexafluoride gas that goes into isotope 





TABLE 1 Reactor Progress 
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REACTOR using natural uranium as fuel is a large structure, as WORLD ENERGY CONSUMPTION is constantly increasing, as 
indicated by the massive, buttressed foundations for the Brook- shown by this data computed by Putnam for the AEC. With breed- 


haven reactc ing, uranium will be a substantial addition to our sources of energy 


materia 
that 
heat genet | possible onstri small 
rhis enriched nuel uel Is that ust 
concentrat . i rhaps a Clementine, is 
actor progress 


Breeder reactors. 


iutonium an made 


energy so 


t necessal 


ns the avenue to what 


Enriched uranium as fuel. ) in rather spec 


the remo reactors. It appears 


heat that car 
ntit 4otu \ t fh in breeder reactors that not 


the fission neutrons so 


1] 
smal qua 


reaction be sus- 


ill also be excess 

produce more 
in water plutonium from U placed in the 
from thi reactor than is consumed in the chain 
through Lol Dp i hin reaction. 


the reactor con ne! ! I “1 The breeding process bring with it 


fuel is to be 1 aul | or ul the possibility iverting all of the 


elaborate valuele U258 in 
nto thin p 


nto the valuable fissionable 


be necessary sjlutonium The operation of 


Since the technology for separating breeder reactors, and the chemieal and 
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neidental 


power 
reactor has 

it the Reactor 
lat KAPL 

is been put into 


ntitative understand 


ties of breeding 


demand. It 


lantities ol 


appears 


Uranium 


wid basis 
is to establisl 
since conven 


i energ\ 


in the 

1947 was equal to 
The cConsulmlp- 
s through- 
to 


Revolution 
is having 


imount of 


1947 
ibout 
it sucl 


that Putnam 


ir 2OOO, the 

energy would 
mut 30Q 

ompared 

conven- 

and gas 

0.4Q. Even 

land gas are 

it seems 


considered 


t energ 
known coal 


to contain OS? 
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but manv of these coa Le} 
uneconomical by present sta! 
vorking. It is estimated tl 
economical coal reserves 

If the world’s demand 
energy continues 
present rate, we will 
energy 


Present 


sources W 
estimates 
nomically ny 
im, if mucl 

bree 


to plutonium by 


stitute an addition 
supplies of fuel of the 


the total 


a figure of LOOY 


eoal supp 


imount or energ 

onomic uranium, with | 
it is likely, as 

frequently, that sola 


‘oped for 


Neutron Energies 


As indicated 
have been built using 
different energies © 
choice of neutron energ 
the particular tvpe of 
example 


Reactor uses 


lesign. For 

tul Breeder 

to explore the+ potent 
ons 

Fast neutrons 

ibsorbed by 


siow neuti 


ons, sO 
neutrons gives one 
i the kinds of 
luded in the 
uses fast me 


possible to emplos 


because the tust 
slight ibsorbed by the el 


methods for controlling a re 


with the 
ita 


predominant ne 
method of 
chosen wluch is stutabl 
lal neutron energ 
reactors whicl 

date employ slo 


trons As a 


neutron re 


result 
actors 
understood at pr 


reactors using the 


Coolants 


quid metals 


metals 


Liquid 


Effect of energy on control. The 


as mercury, bismuth, sodium 
low-melting alloy 

ind potassium 

Most of the 


een operated if 


reactors in“ 


rather low 


but presumahl 


exit temperatures, | 


temperature of the au from 


coming 
the Brookhaven reactor 
perature of the mercury 
Reactor 


Plutonium would 


enough to generate power at 
Of the reactors 
ivowedly ay power generation 
objective 


Reactor 


Submar ne Tl 
uses water as a coolant 
the Experimental Breeder Reactor an 
the Submarine Intermediate Reactor 
both use a liquid-metal coolant 
Water has 
d reactor 
used in the large 


ator the 


Water as a coolant. 
been the most frequently usé 
oolant and is, in fact 
plutonium-producing reactors at 


ford. In a 


hydrogen in the water will slow dow: 


water-cooled re 
the neutrons so rapidly to ther 
gies that anv water-cooled react 


must operate with thermal neutron: 


ible restrictior 


than 


Is “ah UndesT 


coolants other water ure 


under investigation. In addition t: 


low temper 


this, water boils at quite 


tures so that, if one atte mpts to « 


mperute 


reactor at hig tem 


i water-cooled 
peratures for power producti ie 
high 


structure 


must be prepared to cope wit! 


pressures with the reactor 


his is done in the Submarine Thermal 


itor, but the presence of 


itor 


iat 


pressure in the re bring 

culties 
Air has | 

number o 


Brook 


certain ObViOUS « 


Air as a coolant. 


is 4 coolunt in a 


including ven 
its low m 
therm 


ind LOW 


ductivity, is a relatively poor coolant 
compared with water, so th 
ur-cooled reactor large areas 


ided for heat transfer, the 
of the fuel 


prov surlaces 


elements over which the au 


flows must be at relatively high tem 
perature, and there must be a relativel 

irge temperature differential between 
the fuel element and the 


These 


coolant air 


same comments appl i 


» helium used as a cool 
no heltum-cooled res 
been built 

Liquid metal as a coolant. 


to the liquid-metal coolants 


deal of attention has been given to 


ilkali metals. Sodium reacts violent 


But in using sodium as a 


21 


with water 
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rete, and of 
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Fortun- 
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que to the 

ire sl ired by 
power plant 
rement is made 
ult bv the obvi- 
vould attend 
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had become 
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plant may 
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ch there 
exypenence 

al 

nastiest 

work 

ind it 

finest 

ver plant 

of the 

to the 

ry the 

itions damage 

is enough to cause 
ponent extensive 
made of this 
It appears that 
r materials with 
nor the effects 
mater | of the 
a pro- 
development 


ir power, 


Economic Nuclear Power 
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<a new source 
i] amount, which 
duce power ¢ heaply 
ve must recall 
simplv a new 
ill the other 
entional fuels 
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equal ar 
rison be- 
fuel and the 
of fundamen- 
pplication of 
limit 
riched nuclear 
s the kind of 
rience is being 


gy on with the mobile 


our- 
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LIQUID METALS are excellent heat-transfer materials for obtaining power from 
a reactor. Sodium, a readily available metal, has been successfully handled in 
the pilot plant shown here 


p ints st possible 


plants in » other considerations 


yrroduce il ! n make this balancing of the 


breed ng 


power budget a little easier 


gral ’ nri 1 mu ir tuel dustrial uses of fission products 


produced ! nuclear reactors are 


energ ! nil ( ted hbemg comprehensive 


explored \ 


mut 6.000 kw AEC-sponsored paper study has been 


Research In 
stitute (NU, Jan. °52, p. 45 
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The cost 
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n differ underway uses of fission prod 
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the 6.000 k economically self-supporting 


A mucl 
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mportant possibility 


fact that a nuclear 


eur powe! power plant could produce plutonium 
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this 


sion up to no ! sum it 


the nuclear plant v i plutonium hes fuel for 


»>somewhat mo generating more electr we! Sut 


ventional plant mig is the ind 


present 

power value situation co 
fuel must 

duced, pert 
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cost ! I ci ! ol transito 
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estimates ha beer i } the nuclear 
budget 
higher than SS } 
ir that the infant 
industry has a major 


making its enriched fue 





eter 


Relative Transmission of Beta 


Particles Through 
G-M Counter Windows 


For counter design, it is important to know the transmission characteristics 


of window materials. The method of measurement described here 


uses the acceleration of betas at the source of a magnetic-lens spectrometer 


By CHIA-HUA CHANG and C. SHARP COOK 
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FIG. 2. Ratio of the spectral counting rates at E + 5 and E 


Is 4IWd = 
accelerate 
positrons 
ve mace ustomary magne 
counter Is surroun ! i I hick part of the spectrum whose beta 
ppileation I i red ! cles me rally ‘mitted 


background in ( ner, I Will, alter 


Experimental Method 

lh rv, the met! m ; » of the increase in 
ng the G-M w ral ‘ nber of particles recorded from th 
rather simple. d ! ‘ : part ot the spectrum will be incrense 
whose beta spectrum covers an energy upon application of the acceleratin 
momentum) range extending a potential at the source 


to the point of complete (100%) trar To obtain the true increase the 


spectral distortion, the mission for the G-M counter Ow number of recorded particles, one must 


is ele troplated uni- under study correct for the transmission character 
forward hemisphe re of With the source hold I istics of the spectrometer bv dividi 


is made of grounded, a given spectrum | the number of recorded particles, \ 


this source corded by the spectrometer co by the electron momentum, Hp. This 
closely, is an In the lower energ mo gives the true spectral counting rate 


mesh of fine wire regions, the intensity of V/Hop This is a standard technique 


ucts as the spec- particle spectrum is red 1 beeat required because of the characteristics 
of absorption and _ sé ! vithi of all magnetic spectrometers 


source which the window of the G- ! The Since, upon application of in electro- 


ontact with number of beta part \ cl static potential to the source the 
ilso necessary through the window an 


] ! 1 e « > ay ‘ ; 
ces take into by the counter depend uDO ie i ads to a diffieu 
’ nternal conver ! 
roplating prop- energy of the impinging war 
lo date Cu® higher energy ones | 
positron source probability of being recorded 
meet 


negatron source. If a negative accelerat pe sic ine toward 


electroplated in a is applied to the source 
beta spectrum will be sl 


ctrometer is of the amount of the applied 
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ntensit Figure 
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FIG. 5. 


Correction factor, 1 7, 


for aluminum window of density 7.32 mg cm’, 


and for cellophane window of density 2.0 mg, cm* (2) 


ever 

bette hot 
interval, though 
third limitation 
tioned later 

One must therefore « 

for AE appropriate to the 
When measurements ar 
G-M tube wit 


chosen such tl 
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small compared witl I 
fore be to make 


thin Zapon 
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might be useful, is to use 
changing value of AF in « 
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concerns matter 
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small shift of the spectrum 

energy axl iount Al 

produce only a 7 
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real effect, it is therefor 

reduce the statistical « 

rate 
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quirement that there be 
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there is no beta-particle 
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point As 
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AE 
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energ 
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differences in counting rate and, as a 
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counts. To provide 


ly with a 


acceptable — re 
sults substance of 


short 


especli 


half-life such as Cu, this 


combination of limitations indicates 


ilso the need for i strong source 


medium must be 


Some sort of happy 
accepted 

These requirements ilong with the 
rccepted policy that the 


electroplated to the 


source be 
source holder in 
to insure the i} plied volt- 


su ine 


it al 


limit) the 


points in the source, may 


general ad ipt ibility 
the method in 


However 


caution the method should pro 


some Instances 


when applied with proper 
e quite 
uselrul 


ass 


of Na 
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Fast Pulse Circuit Techniques 
for Scintillation Counters 


Increased operating speeds result when secondary-emission pentodes are used 
in fast circuits. Besides circuits for scintillation counting, 


circuits have been designed for testing, calibration, and for displaying results 


By F. H. WELLS 


the 
Spurious pulses 


ARRI 


Fast Scaling 
| 


Pulse shaping cir if 
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Amolifier gain, IC 
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9 2000 2,200 2400 


volts) 


FIG. 2. Counting rate as a function of high voltage for EM! 5311 FIG. 3. Counting rate as a function of scaler paralysis for EMI 
photomultiplier used with stilbene and cobalt-60 source 5311 photomultiplier used with stilbene and cobalt-60 source 


es of count- majority of these spurious pulses occu ounter. In addition, a pulse genera- 
voltage for a within 5 wsee after the initial pulse tor is needed that will duplicate the 


iter with aosy-r Phese results emphasize the need of | output of the photomultiplier. 

urves show the dif- careful checking of fast scaler counts Pulse simulators. During design of 

counts registered to ensure that no spurious coun t circuits associated with scintillation 

a scaler with a registered. In those ea here the counters, it is desirable to have a pulse 

ch registered average count rate may © mporariuy generator, ol moderately high reeur- 

this reduced, an auniliary r or count- rence frequency, to produce pulses 

ficient to reject most rate meter with long paralysis time — similar to those obtained from a scintil 

ses As the high may be used to check the results of the lation counter, A recurrence tre 

multiplier is in- fast sealer. To achieve this simply, a quency of the order of 10 ke is used at 

minimum, the two paralysis time of about 2 wsee may be AERE to facilitate observation of the 
ime counts until switched into cireuit in the latest pulse waveforms with oscilloscopes. 


become  jarge design of fast scaler at AERI One method is to use an X-ray tube 


implitude  dis- which is pulsed into current by an 
‘hereafter the fast Pulse Generators iuxiliary pulse generator Phis pulse 


t 


true and spurious Sesides pulse generators for general generator is used in those cases where 


g considerable errors testing of circuits, special apparatus is it is necessary to test the photomulti 
ite versus sealer needed to provide a pulsed source of plier in conjunction with the circuits 


3 shows that the radiation for testing the ompl \ pulse duration of between 10 and 





LATEST DEVELOPMENTS IN SCINTILLATION COUNTING 


This article and the one by G. G. Kelley on page 34 are the first two of o series based on presentations at the 
Scintillation Counter Symposium, Washington, D. C., January 29-30, 1952. Additional articles will be published in 
suceeding issues of Nuc.eonics; these will include: 


‘Solid and Liquid Scintillation Counters,"’ by G. T. Reynolds 

‘‘Pulse-Height Resolution and Photosensitivity,’’ by R. K. Swank 

‘‘Afterpulsing in Photomultipliers,'’ by D. W. Mueller 

‘‘Performance of Pulsed Photomultipliers,’’ by R. F. Post 

‘Temperature Effects in Organic Scintillators,’’ by S. H. Liebson 

‘High-Energy Particles and the Scintillation Counter,’’ by L. F. Wouters 

‘‘Neutron-Detecting Phosphors,’’ by J. C. Schenck 

‘Two New Photomultipliers for Scintillation Counting,'’ by M. H. Greenblatt, 
M. W. Green, P. W. Davison, and G. A. Morton. 


A summary of the symposium, including discussions, was published in March, 1952, Nuc.ieonics, pages 32-41. On page 36, 
in the discussion “Properties of organic scintillators,” the name of the senior author, R. C. Sangster, was omitted; in Fig. 6, 
on page 37, the unshaded bars are for —70° C, not 70° C; highly purified, essentially monocrystalline samples were used. 
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ve output pulse from the 
a negative output pulse 


pentodes have 


the 


Ission 
neet requirements 
] the 


lation-counte! 


ce Sign by 


Ke it possible 
n wide-band 
to reduce amplifier delay 
n distributed amplifiers 


The 


lor use 


Overload conditions. design 
with 


take ac 
» of input pulse 


must 


present In 


udes of any posi- 
ds of an 

large 

This 

s since there may 
to-1 
the 


difference in 
largest pulse 
be amplified 
this the 


itput from any amplifier stage 


trouble positive 


he output should be 


stage 

sufficiently small amplitude 
that no grid current flows in 
This limiting 
AERE distributed 


limiting the num- 


quel t stages 


y stage which supplies 
output pulse such that if all 
re completely cut off by 
input pulse, the tota! change 
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Tubes Compared on Basis of Overload and Distributed-Amplifier Requirements 


Vutal Con- fnode 


ductance 


o AKS 
CVISS 
V X5088 


Cold 


capac ily 
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Estimated capacity 
in ampt fle r 





of anode 


whose 


current Ww 
pulse amplitude 


to drive 


current 


the following 
The tube ty 
one that will give the maxi 
conductance with the mir 
anode current, and the 
of the secondary-emissio! 
this respect is shown by t 
gm/ Ta in the table on this page 

Secondary-emission tubes. 
use OF see ondary -CIMISsioOn l 
wide-band amplifiers — is 
These tubes should give good results in 
distributed-line amplifiers 

One amplifier with a gain of 60 db 
has Borg Phis 
amplifier uses the VX5038 tube. This 


tube is a pentode with a single stage of 


been made by 


secondary emission multiplication; it is 


constructed on a miniature nine-pin 


glass base. The amplifier has a single 
tube per stage, and a bandwidth of 150 
Me is achieved using 20 tubes 

The relative advantages of the 
VX5038 the 6AK5 for 


distributed amplifiers are shown in the 


and use in 


The 

s a practical figure of 
AERE distributed- 
plifier designs, since in these amplifiers 
added to the 
anodes of tubes to make the anode line 
the 
mpedance and so facilitate the 


These 


» on this page. ratio gn /Cy’ 


heen taken 


nerit for the imn- 


vdditional capacity is 


impedance equal to grid line 
inter- 
coupling figures show 
that for a given total amplifier pain 
considerably fewer VX5038 than 6AKS5 


tubes will be 


stage 


with a reduction 
The grid 
input resistance of the VX5038 tube is 
than the 6AK5 
VX5038 tubes 
the net attenuation effect 
of this grid resistance is somewhat less 


than for the 6AK5 tube 


needed 


of amplifier delay time 


considerably lower 
but 


are needed 


tube, since tewer 


Fast Oscilloscopes 
For nuclear physics applications it is 


usually necessary to display single 


voltage pulses. The most useful tvpe 
of instrument for this is a film recording 
oscilloscope. Such an oscilloscope can 


display on a single time base, and auto- 
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fast time-base circuit 
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passed ‘ i thor folle ode when calibration pulses are needed. 


(@) 
play. These con- 


egular pulse dis- 


scilloscopes for r 


btained 
EF P60 tube is stabilized in amplitu fast. oscilloscope of nature 
MeQueen (3 
nas @ fastest time 


0.05 usec r} 


Ss triggere 
time base vi } ! | sam- 
in auxiliary ger cl nn plir chmqi wach part 
shown in the f be dis- 
when the time successive 
300 volts rrences l-musec pulse, this 
Calibration pulse generator. inning through the 

ox illoscope cle t i \ has ! I I \ lor to be measured 
addition to the n me ba ul TI I i iplitude of the input 
auxiliary t neasured during this 
ifter suitable ampli- 
frequency amplifiers, a 
mean 


functions lla i i 1 mpl voltage 
NI and gi | ( i lls ( t pli ? deflect on 
} | tube wh le 
deflection is made 

to the time displacement 
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the 
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| splacement ol 
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ge, the horizontal 
cathode-ray-tube 
portion and so give 
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nput wavelorm 
Thus a 
wavelorm 1s 


tube at a 


proportional 
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lise nstant 
input 
ithode-ray 
ce Trequenc) 
ge of this instrument, 
s gated by 
in Fig. 9 
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vaveform 
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, time 
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ineidence 


e counting 
measurement 
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the coincidence 
iber of experi- 
» true to random 
ate may also be 
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at the ex 


strength of 
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time 
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Variation so 
um, it may 
rue coincidence 
wing that some 
gy lost 
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due 
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following 
inne iden e re- 
ting value is 


ce rate will be 


will become 


the exact value of 
gy time 
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easurement of true 
nting rate Alterna- 
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me 


the 


the coincidence resolving t 


together 


tively 


may be measured with 


two input counting rates 
random coincidence rate calcul 


The AERE fast 


employs the 


comcidence unit 
familiar teel 


t} out- 


now que 


ol pulse shaping ind limiting 
puts from the two scintil ount- 
ers. These 


together 


idded 


the 


pulses are 
when they are coin ‘nt 
double-amplitude lise 1s 


the single- 


resultant 


from imp 


discriminated 
tude noncoincident pulses by a biased 
The 
this crystal is then suitably 


germanium crystal output from 


amplified 


Recent work on this circuit has been 
concentrated on the stalhuil- 


itv of the 


improving 
coincidence resolving time, 


the 


lent 


methods for 
} 


random come 


and Investigating 
measurement of the 
rate at the same time as the true plus 
random coincident rate. If 
EMI 5311 type of photomultipliers are 


the 


counting 


used with this circuit, minimum 





before some true coincidences 


emission 


eircuit 


oscilloscopes 


Simplified diagram of probe-unit input stage 


value of coincidence resolving time 


are lost 


is about 10 myusee using a stilbene phos- 


phor in the scintillation counter 


Future Trends 


secondary- 
fast 
months 


the 
of pentode in all 


The general use of 


ty pe 
designs during recent 


has resulted in substantially increased 


operating speeds. 
Any 


‘ oincidence 


of fast 
will 


substantial reduction 


unit resolving times 


be largely dependent on the reduction 


of the transit time variations of photo- 


multipliers, while the design of faster 


will be dependent on 


improvements in cathode-ray tubes. 
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Pulse Amplitude Analyzers 
tor Spectrometry 


Pulse-height analysis is commonly accomplished by dividing the 
voltage-amplitude range available from a linear amplifier into increments 
or windows and determining counting rate in a number of them. 


Here's what to consider in designing an analyzer 


By G. G. KELLEY 


lerations Witl I 0.02 
0.001 and 100 channels span 
im U to 100 Key. Otten 1 


idjust the amplif 


Design for High Speed 
Mar nalyzers have been | 
ndle lor 8 pulses at 


inting rate 


* menasuremen 
the maximu! 
the equipment 
ctor of 10 in sper ! 
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ng of many 


week 


involving 


hours a 

experiments 
oincidence spectrometry, 
vitally 


us one count 


it high speed is 
Otten as few 


orded by 
onsiders that of the order 


the analyzer 


Wher 
of 200,000 counts are required to obtain 


rum of good. statistical ae- 


that if an 


t “asyv to see 


tolerate no more than 


1,000 second, or 10 


20,000 


counts per 


tually recorded, sec- 
ibout 55 hours will be required. 
itable existence of long-term 
he equipment makes such a 
doubtful accuracy. It is 
ble that any 


single run 


during the course of one 
it is 


an analyzer should 


the opinion at 
operating at counting 
rder of 10.000 to 20.000 


At such 


» small, of the order of 


speeds, resolving 
and pulse widths should 

psec region, 

been using I-usec delay-line 

on, Which allows the light 

hosphor to 

wheels 


integrate for 
time the pulse Is 
» zero along a path which is 
e ot the mse The use of 
pulses makes the design of 

mponents of an ana- 


output readily ob- 
ifier at the pulse 
of the order of 
Division of this range 

makes the width of 
the input to the ana- 

ess. Such channel 
the stand- 
the 


cannot be maintained 


nt from 


since position 


to better than 20 mv over a 


period of 
days, and anaccuracy of better than 2% 
is desirable in channel widt! There- 
the minimum 
and then addi- 


fore, 3 volts is about 
channel width usable 
tional amplification is required 


The 


common 


window 
Oak 
though it introduces problems of its 


use of a amplifier is 


practice at Ridge,* al- 
own. This device is a biased amplifier 
that can be set to amplify any portion 
of the 


gracefully on 


overloading 


this 


spectrum, while 


signals exceeding 


portion, 


Discrimination 
TI we 


common to 


process of discrimination is 


all analyzers of the type 
under discussion. This is the process 
of determining whether or not 


i pulse 


has exceeded a certain voltage level, 


The usual analyzer produces an output 
in a channel when the level marking 
the bottom of 


exceeded but the level at the top has 


the channel has been 
not. 

The word discriminator is not eas\ 
to define because discrimination may 
involve a large portion of the cireuit 
in a rather complex manner, with the 
burden of decision resting ultimately 
upon the first stage of the scaler asso 
with a channel What is 
the 


implifier with positive feedback, whi« 


ciated usu- 
ased 


} 


ally meant by word is a b 


transfers from one state of stable 


equilibrium to another when the dis- 


crimination level is exceeded. It is not 


a “ves or “no” device, because 


there is an unavoidable voltage interval 
whose magnitude depends upon pulse 


and = diseriminator speed I which 


pulses of intermediate size pro- 
*J. Francis, P. Bell, J. Gu 

Sei. Instr. 22, 133 (1951); G 

multi-channel pulse OR 

April, 1950); G. Kelley, Mult 

unalyzer, ORNL-796 (July, 1950 
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Variation of pulse speed with change of amplifier bias 


this 


following the discriminator is 


duced It is in region that the 
erreuitrys 
involved in the discrimination process 

Let us consider a voltage level and an 
interval above this level corresponding 
to a certain 


width, 


percentage of channel 
Fig. 1. This 
interval may be, for example, 50° my 
the the 
Of a 5-volt pulse, 1% will 
appear in this 
is such that the top of the pubse ts at 
the top of the interval O.1% 
50-volt this 


interval, 


as illustrated in 


referred to output of linear 
amplifier. 
region when the level 
Only 
pulse will oecupy 
the 


may be 


of a 
when level is 
suitably. It 
therefore, that, since to a first approxi- 


volt- 


however, 


changed seen 


mation a certain area in, say 


is needed above this line to 
the 5-volt 


just enters, the 50-volt pulse will not 


seconds, 
enter the channel, if pulse 

How much the pulse amplitude must 
be increased depends upon the shape 
of the Thus an 
is produced which makes the position 
than 
Since the speed of the signal seen by 
the the the 
window is greater still, it 
Dis- 


input signal error 


of a window higher expected 


discriminator st top of 
slightly 
produces an error in width also 
criminators should be fast enough that 
the error in signal not 
than 1 to 2% at 
It is apparent that the error 
width 


exceed the position error 


position 1s 
greater maximum 
signal. 
generally will 


in. window not 


For signals of the type described, 


tubes of an exceedingly high figure 


of merit are required if the error is to 
In our labora- 


1O4A 


tubes and wide-band circuit techniques 


be held to this amount. 
tory, we have been using type 
with satisfactory results. Tubes such 
as the 6GAKS are this 


standard of performance need not be 


used where 
met 

Discriminator performance with re- 
may be 


gard to speed evaluated 


through the use of a pulse generator 
produc ing a pulse with a fast rise and 
flat The 
required for the discriminator output 


0.9 of its 


an extremely top. time 


to reach, say, maximum 
test 
function 


value after the beginning of the 
signal can be determined as a 
of the amount by which the test pulse 
amplitude exceeds the level of infinite 


delay. 
Beam Deflection 
A beam deflection tube is sometimes 


used to precede the discriminators. It 


may be seen that such a device may be 
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Pulse Length 


| 0) Rn 


has been transfer! m » cdis- in i y i » of the storage 


criminators to 4: pulse en *! capacitor amount of diode 
Such a procedure 1 idvantageo I current that a function of the 


multi-channel eq nen MK remaining drop 
one pulse lengthe If the resistance t a chode is quite 


relatively slow m discrimina - iigh in the region of z 


ro volts. it is 


seen that, since the drop across it is 


proportional to the log of current until 
this resistance makes itself leit, the 

tage may differ from equilibrium by 
latively large amount at a low rate 
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dth does not affect signal 


p le-up effects 


except for 


those portions of the circuit 

ndle signals whose amplitudes 
roportional to the signal 
When, for 


of a signal is being amplified, 


input 


example the 


tude 


speed in the window ampli- 
quite different from the speed 
bias is reduced and all of a 

s passed If the band 

ot adequate, the gain for 
that for 


corresponding 


differ from 
with 

ndo width 

104A 


this device 


tubes have been found 
although there 
peculation that, by squeezing 
tubes 
Another 


ch would be to abandon the 


re conventional 
» do the job 


may 
line 
concentrate 


umplifier and 


nereasing the voltage range 


this 


require the pulse lengthener, if 


linear amplifier, but 
discriminators to operate 
onveniently large voltage 


range 


Pulse Spacing 


Che design of an analyzer must be 
such that the random nature of pulses 
from a source does not produce serious 
must have no 


error Pulse spacing 


effect upon an analyzer worse than the 
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Pulse-inspector circuit used in 20-channel analyzer 


failure to record one or both of a pair 


of closely spaced pulses. That a 
defect resulting in spurious recording 
of pulses need not be great to be serious 
is due to the fact that the true counting 
rate in a channel may be very small in 
the presence of a very high counting 
rate of larger pulses 

Most 


the signal 


multi-channel analyzers gate 


channel ‘off’ during the 
analysis of a pulse to prevent such an 
results 


error. but this procedure also 


in errors unless there’ is provision to 
that 


channel to sensitivity is not made dur- 


ussure restoration of the s 


ing the oecurrence f a succeeding 


pulse. Gating is to be avoided if 


possible 


for the 20-channel analyzer, a cir- 


cuit has been dey ised that makes gating 


unnecessary. This circuit, which we 


eall an inspector circuit, takes as its 


input a negative pulse of constant 


amplitude from the linear amplifier 
marking the time of beginning of each 
signal. The pulses are passed through 
the circuit (delayed a suitable amount 


only if the pulse is not preceded or 


succeeded by another pulse within the 


form of the 


delay . A 


device is shown in Fig. 3 


interval of 


Tubes V1 and V2 shape the input 
pulse 


of about 0.4 wsee duration at the plate 
of V1 and a negative pulse of the same 


They provide a positive pulse 


re. rhis 
latter pulse is coupled through a small 
to a 
grid of V8, 


duration at the plate of 


and a diode storage 
and the first 
the pulse, the voltage on the 


capacitor 
capacity 
After 
storage capacitor rises toward zero at 
a rate determined by FR and the storage 
capacity, adjusted so that the voltage 
reaches zero at the end of r usec. If 
however, another signal occurs during 
this interval, the voltage on the storage 
negative by 


that 


capacitor ts made more 


about the same increment as 
produced by the first signal and will 
prevent the voltage from returning to 
zero until some time later than 7 usec 
after the second signal. 

The positive signal from V1/ is de- 
layed r uwsee and applied to the third 
grid of V3, raising the potential of this 
electrode to a value which causes the 
tube to conduct if the first grid permits 
A signal appears at the plate there- 
fore, only if an interval 7 following the 
input pulse, and somewhat less than 7 
preceding it, is free of other pulses 

* . * 


This article was presented at the Scintilla- 
tion Counter Symposium, Washington, D. ¢ 
January 30, 1952 
to what 


ult of the 


The ideas presented in this paper, 
ever extent they are new, are the res 
experience of all the members of the Physics 
Division's electronics group and to others at 
Oak Ridge Natvonal Laboratory. P. R. Bell 
is responsible for much of the philosophy of 
analyzers C. G. Goss suggested the form of 
inspector circuit described 
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2 JACKHAMMERS powered by compressed air 
are standard equipment in larger, company- 
owned mines 


] DRIFT MINE tunnels into pocket of uranium ore. This small-scale opera- 3 CABLECAR rig used to carry ore from mine to 


upports independent miner A. C. Rinderle and his family truck-loading point is typiccl mining structure 


How Uranium Is Mined 


, the ore 
Assuvs determine 
ontent, on which the 


is based, 
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SIANT TRUCKS powered by 300-hp diesels hau! 5 REFINING MILL at Uravan, Colo., was established by U. S. Vanadium 
tons of ore 214 miles to the mills Corp. in 1940. It formerly produced coloring agent for ceramics 


ia 


a URANIUM, refined from ore, is a black sticky substance. Here it is being shoveled into a dryer that transforms it into a powder 
This natural uranium is collected in barrels and shipped to the atomic energy establishments for further processing 
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ONE THOUSAND curies of 
cobalt-60, largest radioactive 
source ever produced in the 
United States for treatment of 
cancer, getting started recently 
on trip from Oak Ridge to the 
Los Alamos Tumor Institute. To 
be used in teletherapy unit, 
source contains radiation equiva- 
lent of $25,000,000 of radium, 
was bought for less than $10,000. 
Carrier, weighing over 4,000 Ib, 
included 3,000-Ib, 8-in.-thick, lead 
container to shield the cobalt 
which is in the form of six small 


rods that total |» Ib in weight 
Wide World Ph 





New Developments in Teletherapy 


As long as radium was the only source, teletherapy machines were 
limited to the rigid restriction of one curie per gram. Now radioisotopes 
have thrown the field open to innumerable possibilities. What this means 


to the cancer therapist and machine designer is summed up below 


By MARSHALL BRUCER Availability of the right radioisotope Radioisotopes to discuss not only 
Chairman, M ul D ’ is the first and foremost limitation problems but also new developments 
Oak Ridge Institut \ f Production and manufacturing prob- — in teletherapy. 

Oak Ridge, Ter . lems are not simple. To some extent Some of their ideas and the papers 
many of them can be solved sciheall they prese nted are abstracted on the 
to fit the therapist’s needs—i following pages. 

TELETHERAPY ! porating what the therapist wants Only the afternoon session of the 

kilocurie sours have rovides Radiophysicist, therapist, distribu- symposium dealt with the subject of 

teletherapy. Morning and evening 


active field for developmer tor, manufacturer, and machine de- 
howing a i signer met recently at the AAAS © sessions were devoted to papers on “In- 


currently = s 
combination with limit ns, Symposium on Cancer Therapy with  ternally Administered Isotopes for 
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as reported in an 
iuthor in the March 
NUCLEONICS 


The Radiotherapist’s 
Needs in Teletherapy 


By Robert Robbins 
Temple University Hospita 
} Pennsylvar 


ultimately decide 


st will 
| teletherapy machine 
ce this decision will be 
results in treating pa- 
cision will follow, not 
rk of the designer To 
latitude in developing 
ce should make only 
recommendations 
the million-volt 
ls us to expect 
advantages from the 
lable for teletherapy 
skin tolerance, more es NTENSIT Y w SPECIF : SPECIFIC ACTIVITY 
mage, less absorption source 
depth dose nereased High spec activity nor skin dista 2- Long focus~skin distance 
eae aiiall ul ‘ 2 Miah « } p Low skin dose 
4- Norrow penumbra 
rate demanded by the 


determine the source 











the dimensions of the 
diation is delivered too FIG. 1. Factors for consideration in estimating multicurie sources 


itment time increases 





idling problems become 





Very fast delivery of the 
unnecessary, and probably will 
curacy of dosage. A dose 

in 10 r/min is probably 

\ rate over 100 r/min 
unnecessary and wasteful. 
ce-skin distance is of little 
‘cept in its effect on depth 

the therapist needs 


i depth dose as possible 


i ' 
Minimum requirements should be 
those now found in standard X-ray 


equipment Any improvement Is a 


desirable gain, but must be balanced 


against the disadvantages of increased 


weight, size ind cost which come with 
Icm source 
1cm hole 
The machine should be designed to 5 Som long 


increased source-skin distance 


take advantage of present knowledge 
portal sizes, and methods of applica- 
but should not be bound to current 


Portals less than 3 X 3 


seldom used. Portals greater Nitltth 40r/mn 

- nt 
than 15 & 15 em are improper, except | 
no Wy 
in very special circumstances. eee lbsbeee y 
The question of allowable penumbra 
is a problem that needs careful speci- 


fication. In rotation therapy, it must 











be minimized; in single portal therapy, 


it may be advantageous. With multi- FIG. 2. Effect of beams from four split Cs'*? sources totaling 500 curies 
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liato neluding shield 
nsferred to a less busy 
the first institution will 
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unit 


Vv increasing the 
itor to about 
the same time 
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Availability of 
Teletherapy Sources 


By James R. Mason 


tele- 
valt-60 have been 


these 
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were 
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sources 
strength have 
States radiol- 
ire in produc- 
an reactor at 
higher neutron 
therefore a faster 
rate than any 


I idiolsotope pro- 
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FIG. 4. 


Cs'** source 


7 split into 


duction in the United States 


sources ar luced in 

We have 
the telether ipy source probiem in the 
United States | 
activity 


being prog 
been actively wor 
ind will have higl 


sources available 
in the not-too-distant future 
Oak Rid 


up to 


now some Co it 
specihe activity of 
gram Irom wl 


level source } “us been nade 


eh one mode 


m oul 
This 
151 


Although not readily 


source has m ganima-t 


min at 50 em 
ill potenti il customers 
much progress s bel 


kilocurie sources, and 


great number of ul 


duced within the next 


Some Proposed 
Teletherapy Units 


By Marshall Brucer 
Oak Ridge Institute of Nu 
Oak Ridge, Tennessee 


From a review of the status 
of the production of multicur yurces 
of gamma radiation, there ipp 
only six practical isotopes 

teristics suitable for teletherapy units 
Europium-152-154, iridium-192,  co- 


balt-60, and tantalum-1S2 sources can 


Variations of three methods for shielding a 500-curie 


be produced efficiently in a nuclear 


reactor with thermal neutrons. Ce- 


sium-137 and cerium-144 can be pro- 


duced by separation from mixed fission 


products 


t 


At the present time Cs'* appears to 


be the most economical and desirable 


sotope for teletherapy by a consider- 


ible margin Because it will probably 


be generally available in large volume 
it has been 
study. If 


nuclear 


within the next few years 


selected for detailed and 


high-flux reactor be- 


ivailable to the 


when a 


medical pro 


fession, it may be 


Eu as 


possible to produce 
econonile illy as Cs Co Is 
than hu 


monochromatic 


, , 
mMiDl\ more desirable 


because of its radia 
thon 
costly to produce 

A (Cs 


teletherapy unit in two basic ways: as 


but it will undoubted be more 


could be used in a 


Source 


i singe large 


limated to 


source co 


produce a single beam, or as multiple 


small sources collimated to converge 


it the lesion 
In Fig. 1, 


collimation, 


the combined effects of 
activity 
Let us 


for the present that 30 1 


speaihe and pe- 


numbra are shown assume 
min is an 


This 


as 250 


adequate treatment intensity. 


ean be achieved with as little 
curies collimated through an aperture 


2.5 times deeper than the diameter of 


43 








equipment tunc- 


or wvantuge 
equipment allow 


fle 














FIG. 5. Two adaptations of design in 
which source is mounted on_ internally 
rotating wheel. Minimum protection from 
500-curie Cs'*’ source for each arrange 
ment is shown 
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are too 


such an 


moved through a 

d, but to date the 

res an additional projection 
machine. The engi- 
sylphon pressure 
adequate seal for 
been solved on other 
nery and should not be 
» adapt to a teletherapy 
however, 
the 


such design, 
which reduces 

f the machine 
rious problem with the Hg 
ving all of the Hg from 
m Small amounts 


ritical location have 
» significant in one Ra 
ind will be even more 


t Moreover a 


100 psi is 


necessary 
Such a pres- 

fa thick shell 
unnecessary filter 
nost foolproof 
the 


an internally 


in which 


wheel acts as a 
to turn the 
Only the 
llimating devices 
and 
that 
» container By 


h of the beam 


filtration is 


(return, the 
1 anv position 
n of external pro- 
need be in a 
Phe 


ghtforward 


hone 
machining 
and 

unnecessary It 
such a design has 


t and the small- 


f this basic design 
Ind 

by Braestrup for 
vheel 

ind the 


igram A, it 


rotates 
major 
ose as possible 
m around the 
routine usage, 
gram B can be 
minimum 
i very strict 
shielding 
permissible dose ts 
ce of the machine 
on, the shielding 


16.5 em in radius. If 
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the patient can receive 100 times the 
maximum permissible dose, the 

ward cone and collimating device must 
radius 


minimum of 12.75 em in 


W) alloy is 


be a 


Since commer- 


tungsten 


cially available in 6-inch disks, it is 
possible that the entire machine could 
be shortened somewhat by making the 


internal rotating wheel more dense 
than Pb. 

Although such a 
500 curies of 
limited 
chines to contain up to 
the 


only a 


machine with only 
activity will have a 
usefulness, designs for ma- 
2.000 curies 

and 
would few meters’ 
additional The first task 


in implementing this design is to get 


may follow same pattern 


need cent 
shielding 


certain information which will 
accurate engineering 

The linear absorption coefficient for 
the from Cs must be 
Pb, W, He, and 


both narrow and broad 


radiation 
measured in other 
materials, for 
The 

} 


in various Cs salts must be 


self-absorpt on ot Cs 


beams 
measured 
to allow an estimate of the most ef- 
ficient 
tern of scatter through cracks 


The electron s¢ 


source dimensions The 


pat- 
must be 
out 


mapped itter 


from surfaces must he 


allow for intelligent 


hese 


being made 


cones and diaphragms 
urements are now 
2-curie sample sot 


the C 


Ridge with a 
will be 


available for general dist 


published hefore 


ribution 


Problems in Manufacture of 
Fission-Product Therapy Sources 


By A. F. Rupp 
ge Nat 


Oak R 


l Lah 
lge, Tennesse 


The use of certain fission produc ts in 


telether ipy units appears promising 


Considering that fission-product source 
telether ipy work must 
} 


material for 
emit gamma radiation 
than 150 
vield, the list 


longer day s ind 
high fission 


fission products is reduced 


two: cesium-137, which has 
half-life and 0.662-Mey 


fromthe 


gamm 
2.6-minute b 
144 
0.135 to 


tion inium- 


137 daughter; and cerium which 


has a 275-dav half-life and 
1.25 Mev 
17.5-minute praseodymium-144 daugh- 
ter. It is desirable that the 
products be separated with high purity 


gamma radiation from the 


hssion 


so that an intense source of minimum 


weight and volume can be fabricated. 


The first problem in producing such 
the fi 
products and purification without the 
addition of so that a 


product of 


sources Is) separation ol Ssion 


tsotopic earrier 


high specifie activity is 


obtained. Processes for accomplishing 
this have been developed, but up to 
now such separations and purifications 
have not been made on the kilocurie 
scale required for teletherapy sources. 
Experience with 100-curie batches of 
fission products indicates that it is 
possible to extend existing methods to 
the produc tion of very large quantities, 
problems are en- 


serious 


However, 


countered at these Wigh radiation 


levels: one must contend with, for 


instance, increased complexity ot re- 
mote-control apparatus 
the effects of 


materials, and 


processing 
intense radiation on 
the necessity for es- 


sentially foolproof operational .tech- 


niques. After preparation of the pure 
radioactive material, an entirely new 
set of problems is confronted in drying 
handling the dry 


the 


solids 


the material 


fabricating internal source, and 
sealing the finished source 

During the formation of radioactive 
Cs by 


quantities of stable Cs are being pro- 


uranium fission, compar ible 


duced. In chemically isolating Cs" 
the stable Cs is necessarily separated 
with it, thereby 


activity of the material which can be 


reduc ing the specif 


This ean be controlled to 
the that the 


is allowed to remain in the 


obtained. 


some extent by time 
uranium 
nuclear reactor; however, it is not 
practical to use such a procedure since 
the amount of Cs'’ obtained per unit 
would be 
the 


elements such 


uneco- 


stable 


weight of uranium 
addition to 


other 


nomical In 
isotopic diluent 
as Rb 


properties very similar to Cs are 


and Kk which have chemical 


intro- 
duced fr chemical 


om impurities in 


reagents and other sources, There is 
practical limit to 


impurities as Fe, Pb, Ca, Meg, and silica 


vhich sue h 


iso) o4 


can be removed Similar problems 


are encountered in separating Ce! 


Cesium or cerium, to be used in a 


source, must be prepared n the form 
of a chemical compound, the radiation 
stability of 


fully 


must be care- 
For 


he desirable bee 


whic h 
considered example ni- 
trates would not iuse 
they decompose under radiation w th 
the evolution of oxygen The weight 
added in producing the compound 
also 


able 


an important factor It 
that 


compounds such as 
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Ridge Nationa 
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FIG. 1. 


X-ray source used for bilateral irradiation 


Since the direct determination of energy absorption is difficult, it is 


necessary to convert from ionization-chamber measurements. 


Two methods for making the conversion are discussed 


By STANLEY L. WHITCHER 


/ 


fQUIDS and solutions are 
gh-energy radiation, such 
s, chemical changes 
ire the result of processes 

the ibsorption of 
beam (1, 2, 


amount of 


incident 

nate of the 
nder various conditions of 

s necessary in order to refer 
data to a common energy 

1 this is done it is possible 

ire the relative 

es of different 


letermine 


radiosensi- 
reactions and to 
the experimental results 
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accord with pr 


theories. The 
this 


“ure in 
current 
used in 
Fig. 1. 
An experimental determination of 


laboratory 


the increase in energy content caused 


by irradiation of a liquid sample would 
be by far the most direct and satisfac- 
way of arriving at the desired 
there 


and 


tory 
were availabl 1 con- 
xi for 
How- 


good method exists at 


result, if 
venient accurate methe 
measurement of this quantity 

ever, no very 
present and it is necessary to obtain a 


figure by conversion from the scale 


chamber, 
best 


reading of an 
This 
available, is subject to a cor 


ionization 
procedure, although the 
siderable 
uncertainty due, for the most part, to 
the difficulty in making allowance for 
the fate of the scattered quanta 


Two methods will be given for mak- 
the first 
an integration for the average intensity 


ing this conversion involves 
throughout the irradiated volume; the 
second requires values for the average 
intensity over planes tangent to the 
top and bottom surfaces of the sample 
the energy ab- 
The 
calculations will be given next month in 
Part II of this two-part article. 


and determination of 


sorption by difference. actual 


For each calculation it has to be as- 
sumed that the once-scattered quanta 
escape from the sample without con- 
tributing to ionization in the liquid, 
This will not, of 
general but the 


become better as the sample becomes 


course, be true in 


approximation will 


smaller and/or the incident radiation 


becomes more energetic, since under 


these conditions the average path of 


47 
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FIG. 2. Average path length of scattered FIG. 3. Amount of incident energy per 


quonta in water as a function of wave- cm~ necessary to increase energy content 
length of isolated centimeter cube of air by 
0.1083 ergs 
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it quanta into 


ons and energy 
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any point within 

readily calculated 

presence of scat- 

se in intensity 

production and due to 

the beam follows laws 

known. But, as the 

gle and multiple scattering, 
e element of the fluid may 

ndirectly from all parts 
iddition to that 

from the primary 

extended medium ex- 

el beam, it has been 

that there is an 

ise in intensity with 

it the apparent absorp- 

ent is considerably less than 
ibsorption coefficient i] 

re is a change in the 

bution of the radia- 
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the energy 

shortel wave- 

ng penetration 
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ittering 
r the general 
or the wave- 


accurately 
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for points on the 


ns of the method of 


f ) 


tree electrons 

This type of scatter 
=the wave length 

otl pe of scatter 

coherent scattering 

nteracts with 

velength is un- 

the latter 

cept for long 

then small by 

photoelectric ab- 

be neglected 
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is unIfOrm aS possi- 


ple, and im- 
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FIG. 4. Spectral distribution of radiant energy from a 250-kv X-ray generator 


attained by a combin 
irradiation toge ther 
tion to remove the 
An arrangement 

tion as used in 

in Fig | while 
beam homogeneity 
tion is illustrated 

in I £ }. 


Heterogeneity of the Beam 


As is I] known, the out 
radiant energy from al 
erator is made up of two | 
which is monochromatic 
teristic of the target 

spread ovel 
ol wavelengths and is 
the target material 
the characteristic o1 
tion and the second 
spectrum 

Around 98°% of the tota 
present in the continuous 
which has a peak in the ne 
of the cut-off wavelengt! 
contains a consider ible 

to mucel 
The distributio 
this spectrum can 

use of the filtration et 
suitable absorber 
cording 
Silberstein and 


Jones, Greening 


transforms in mjunction with the 
filtration curve In this equation 
1 s the intensity at distance 2 
f(A)dd is the incident intensity for the 

inge Ato X + dd: and a s the sum ol 
the photoelectric, true, and scattering 
Greenfield et 


ibsorption coefhoents 

30) give some results in a useful 
form obtained by this treatment 

It rradiations are made with the 

y-ravs from radium filtered with 0.5 
to remove @ 

spectrum is not continuous 

but consists of a series of discrete rays 

vhich range in wavelength from 0.0056 

to 0.067 A as shown by the values in 

lable 1 4 


If desired, the output can be made 





TABLE 1--Gamma Rays from Radium 


Wa 


OO56 
OO70 
OOSU 
0100 
O10 
0132 
O16 
0205 
0353 
0420 
O512 


OG71 











FIG. 5. A radium source used for chemical experiments FIG. 6. A radiocobalt source that gives monochromatic radiation 
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Electronic Equilibrium 
To illustrate 
the passage of 
irom a vacuum 
medium. Due 
radiation in the me 
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radiation 
the interface 


ther penetratior 
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where the ratio 
secondary electron 
rimary quanta 
cross section Will 
stant value Wl 
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equilibrium 

Now if the rad ; 4 O06 E 
this medium across ; rface Wavelength (A 
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kind of interface, namely that between 
a solid and a small air pocket contained 
this case, it has been 
4-3E that the 


sorbed in a small volume of the irradi- 


therein For 


shown energy ab- 


ated 1 1 an be calculated from 
JWop (3) 
vhere fF S 


sorption 


the total 


per unit 


average energy 
J is the 
ion pairs formed per unit 


volume, 


iir, W is the energy required 
to form one ion pair, and p is the ratio 
of the energy absorbed from electrons 
ith length in the medium to 
Since the 


in air can be readily meas- 


per unit | 
the same quantity in air. 
ionization 
there a method for 


red, is available 


the determination of energy absorption 


in the 
Equat 


o> has 


found to be 


the following 


been 


ys under 


The dimensions of the cavity are 
small compared with the range in au 
of the electrons from the wall. 
number of 


The effective atom 


nearly the same 


iterial is 
tir 


thick, so 
equilibrium is reached 


s sufficiently 


radiation passes into 
e is between glass and 
the 


experl- 


ution, as is often 


on-chemistry 


a are pertinent 


1S 
6.78 Kx 10 
7.A7 
3.36 & 10 


tive atomic number; 
of electrons per em‘, 
ire larger for glass than 


the 


both photo- and recoil 


aqueous solutions 


be greater in glass when 
traverses an equal thick- 
media The thickness 
xduce electronic equilib- 
Sas a function of 
abscissae in this 
ve range, and 
data given by 
in the 
nferred from some res 
yc) tor the inter- 
solt 


transition 


bone and tissue 


radiation there is a 


fference between the equilib- 


tion level in the glass and 
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Range-energy curves for electrons 
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CHART RECORDED for a paper-strip chromatogram SECOND RECORDING of same chromatogram charted 
purported to contain a single radioactive component. in at left. Slit 1 cm wide was used to protect counter 
this case, no slit was used between counter window and window. Resolution of band of activity into at least two 
paper strip. Compare with chart at right components can be seen 



































An Automatic Scanner 
for Paper Radiochromatograms 


@ Offers rapid localization of radioactive materials along a unidimentional strip 


@ Permits ready estimation of R; values and relative abundances 
of radioactive material 


@ Provides permanent record of experiments 


By SIDNEY SOLOWAY, FRANK J. RENNIE, and DeWITT STETTEN, Jr. 
lo The Pul Health Research 11 
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Diagram of automatic scanner seen in photograph at right. Radioactive 
materials are distributed on paper strip B that is drawn by cord D in front 
of counter window protected by slit A. Draw-cord D is wound on spool F, 
mounted on shaft of drum that moves chart of recording potentiometer. 
Tension on strip B is tained by weight E. Automatic cut-off feature 
C includes adjustable stop on draw-cord that impinges on microswitch 





which 


Anger (2 in 


accumulated 


ler the Geiger tube 
mstunt geometry size are 
paper strip is fora fixed time interva 


movement of the values for the components 


potentiometer circuit for a low-counting- 
both the strip were found to be: f 
rovisionally been 2-meg adjustable 


hour When the ,. 37 ohms; ¢ 


preset stop on the 


0.05 yl 


croswitch and A one-rpm motor tur 


| powe! closes a microswiteh 


ppl the i 


supply to the intervals to | 


“i trom an r-l capacitor voltage across the 
1 turn operates potentiometer An instant 


gulated power closure of a second micro 


mentarily discharges the 
from the Geiger leave it ready to accumul 

a cathode fol- the next minute 
ough three 


ig stages 


Operation 


They then puss 
he output of which The pen of the re 
brator that drives  ometer exhibits a fling 
The amplifier in intervals The height 
Western Electri 


period 0 


approximately proportion: 


{ number of pulses collectes 
onds) in series preceding minute } 
gister that is respond to one running in 


s introduced Sensitivity has been ac 
or calibration one inch in height cort 
munute 


ntegrating counts per 


deseribed by relations! p between he 

rate is very nearly linear 

direct recording of count 

200 cpm on the chart emplo 
In view of the relatin 

ture of the Geiger ti 

inch diameter), cons 

ment in resolution is 


interposition of a meta 
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window and the radiochromato 
Whereas this has the effect of 
cing the 


has on occasion permitted resolutior 


‘ 


recorded count rate 


into two components of what appeared 
broad 


example of such an instance is show1 


nitially as one peak \r 
by the charts on the opposite page 
The random scatter of successive 
one-minute recordings is, of course, a 
funetion of the number of pulses sc 
cumulated. With the present back 
ground of 25 « pm, an increment ol 10 
cpm ibove background ean be deter 


More favor 


ible statistics can be attained by pro 


mined unequivocally 


onging the time interval of integration 
Thus the standard de 


if pulses are collected for four minute 


viation is halved 


rather than one minute 
To facilitate estimation of R 
distance traveled by individual band 
1 by that traveled by solvent 
front it has been found convenient 
to cement small pieces of aluminum 
to the edge of the chromatograt 


strip at the point ol initial deposit or 
the sample ind at the level of the fina 


These 


reuit as they pass before the 


solvent front pieces of fo 
close a el 
Geiger counter and energize an acces 
recording potentiom 


aluation of R 


sory pen on the 
eter This permits e 


values directly from the chart 
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AN APPROACH TO THE KINETICS OF 


Radiation-Induced Decomposition 


of Certain 


Organic Molecules in Solution 





@ - [5.] = 40.6 «10~* molest 
O-[5.] = 8-13 « 10°* 
®& - [50] = 4.06: 107° 


A reaction mechanism is 

proposed that represents 

X-rays on Ascorbic Acid in Water (/#) a distinct advance in 
(0.25 *% oxalic acid) 


systematizing the effects 


of radiation on a wide 








variety of systems 


in aqueous solutions 
O- X-rays on Glutathione in Water (/2) 
[5 ]=20.4x10~* moles ‘Vv 


«) Dose unit = minutes irradiation (10~') 
ot L=767 1/min 


QO- X-rays on Riboflavin in Water (7) ft) 


[S,] =6.13x107 * motes 
Dose unit=r(i0-”) 








j 1 





4 
It in dose units 





By MARILYN GRACE ALDER* 
and HENRY EYRING? 


e- [5] *54.2x10° moles/} 
©- [5,}=25.0x10%° 
O-[5]= 549x107 


X— rays an Fluorescein in Woter V3) 











8 
It in ev/em (i07'*) 
FIG. 1. Typical dato on effect of X-rays on various materials in water 
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SOL irradiated with 


TION 18 
electromagnetic or 


it is 


par- 
generally 
concentration 

d radiation dose 

and exponential 
irance-dlose curves are 
xperiments using dilute 
ns, the linear usually 
e percentage of solute 
mall as compared with 
oncentration present 

r solutions of B-carotene 


he same behavior 
ises of concentrated aque- 
the 


may be 


of inorganic solutes, 
dose curves 

high percentage 
10 Hence, at 


gh concentrations, a zero- 

first-order dependence on 

ntration appears to exist 
mental 


ionic yields in 


lecules of solute decom- 
ormed in the solu- 
to increase and 
constant values 
concentration 
14). 


wjueous 


solute 
rated solutions 


ites (region of zero- 
the presence of 
to increase the initial 


measured joni vield 


the dose is increased, 
onic yield assumes a 
teristic ol an oxyvgen-tree 


s problem has received 

and 
dilute 
Presum- 


effect 


intitative study 

lar studies on 

e been made 

ich oxygen also 
squeous media 

mpt to correlate the avail- 

porting these phenomena, 

it generalized reaction mech- 

wosed. The applicability 

f this mechanism obviously 

ment obtained between 

ind the corresponding 


inism of the disappearance 
im an irradiated solution 
ittributed to an 


activated 


“indirect 
between solvent 
and solute molecules (14-20). 
the fact 
incident 


follows from 
the 
solute and solvent 


ision 
irtitioning of 
between the 
determined by their 


ractions in the solution. 
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Hence, in the case of solutions 


process of int wliation at constant 


tensity mav be considered to 
the 


constant 


formation and matintenane 
concentration 
solvent molecules or radicals 


sequent bimolecular reaction between 
these 
serves to deplete the concentration 
the solute. 


A study of the ultraviolet-absorption 


radicals and the solute present 


spectrum pf water vapor subje t to 
electron bombardment has confirmed 
the the 
OH. 


through 


presence ol radicals H 
These radicals 


both 


processes, 


may tx 
ionization and 
excitation and eviden¢ 
their 
Dainton (1? In 


experimental evidence concerning t 


existence has been reviewed 


the absence 


condensed phase, it is 
the 
reductive power of irradiated water to 
the H and OH radicals present (14, 1? 
The HO 


to exist in irradiated solutions c¢ 


ascribe observed 


radical has been postulated 
mtain 
ing dissolved oxygen (10, 14, 16, 20 
In the following derivation, the radical 


H, OH, and HO d to be 


responsible lor 


will be assum 
the observed 
action 

Glocker 
H.O 


during the irradiation of pure 


21, 22) has 


is both formed an¢ | 


| decomposed 
water 
containing dissolved oxyget rhe re- 


»H, and 20H —- H.O 


considered to be responsible for the 


actions, 2H 


decomposition ol pure W iter > “ 
this 


The consequent interaction 


be neglected in discussion of 
solutions. 
with the solute of any net H,O, formed 
When suitable data 


become available, the 


is thus neglected. 
approxim itions 


assumed should be renssessed 
Consider that the following reactions 
the 


irradiated 


are involved in formation of the 


radicals in wate! dilute 


solutions) containing oxygen, 
I 


HO > Hu OH 


k 
H + OH — H,0 


H + O, >» HO, 

radiation in- 
solvent 
activation efficiency of the impinging 
The 


tions are defined as 


where 7 is the constant 


tensity, and ¢ represents thi 


radiation steady-state condi- 


dlO djOH) dj dhHO 
dt dt at al 





Cathode-Rays on Riboflavin 
in Water(7) “og 


ant 


x) 


77 a 
[ss 30 °) in moles/\-rep 


4 
b 


ae eh Wee ite RENE eS 
2 4 6 “ 10 


[S,] in moltes/1 (10%) 





X-roys on Fluorescein 
in Water (/3) 


x) 


3(10 3)in moles/r 


> @ 
7 
Ole 


[ 
t 











“)in moles/r 


Ai? 


b) 


X-roy on Glutathione 
in Woter (/2) 


X-rays on Ascorbic Acid 
in Water (/4) 


(10%)in moles/i-r 


5) 23 


L 








4 





ere a 
24 32 40 


r 
150} in moles/1 (10%) 





X-rays on Ribofiovin 
in Water (7) 


&O@n & 
[S,] 3500) in moles /1-r 








2 4 
[So] n moles/1 (10%) 


FIG. 2. Experimental values showing 
effect of cathode and X-rays on various 
materials in water. Haoalf-filled circles 
apply to left ordinate; open circles, right 


© X-rays | on Corboxypeptidase 
© a-porticies| in Water (//) 


€ 


| 
, 
| 


FIG. 3. Experimental values showing 
effect of irradiation of carboxypeptidase 
in water. Circles apply to left-hand ordi- 
nate, squares to right-hand ordinate 
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FIG. 4. Experimental values showing 
effect of cathode rays on -carotene in 
petroleum ether. Half-filled circles apply 
to left-hand ordinate, open circles to right- 


hand ordinate 
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EXPRESSIONS Relating lonic Yield to Initial Solute 
Radiation Impinging on Dilute Solution 


Solvent 


Water 
Water 
Water 
Water 
Water 


Water 
oxalic 
W ater 


Petroleum ether 


wid 


athode 


Activation Efficiency of High-Energy 


and Apparent Solvent 


ssociated 
cin molec ules soll ent 


Radiation 
100 ¢ 


dissociated per 


X-rays 8 68 & 10 

X-rays 3.73 X 10 

\-rays z x 10 

X-rays 

3.000-ky 
athode rays 

\-ravs aa < | 2 2% 
radon a's 0 0558 
3,000-k y 


rays 





ippearing in Figs. 2 and 3 


The 


ited 


agreement be- 
ind experimental 
il, good 


presents the 
to the 


application 
results of the 


solution of 8-carotene 
ether 


ew! 


Apparently an 
at analogous to 
iqueous solutions is 

gives the derived 


a function of [S 


lute solution in 

iivent dissociated 

of absorbed 

obtained from the 
bh where b 

Use of the 
’ l 


cso obtained 


pre- 
gives 


ues ol 
i 


rather scat- 


cathode rays and 


e, one obtains an 
3.0 Interest- 
the 


essentially same 


been obtaimed = inde- 
e recent unpublished 
idel and Hart who 


-induced decom- 


multiple inter- 


oo), ZIVes 


Conclusions 
4 mecha for tl 


wosition of solute 


radiation-in 


in dilute 


ed «ce 
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aqueous solution | proposed with a number of activated solvent 


and an expression for molecules or rad 


®, as a function of the 
concentration, and the 
, 
peen (ie 


centration has 


mechanism, with appropr 
‘ given 
f Utah r the dire 
Bowers, Dean of the Colleg 
Thanks are also due Dr. B 


Rad 


mav be conside 


mediates, 
as a prototype for rad 
reactions measured in pet 
solutions 

Experimental data obtair 


(Commission 


radiation ol aqueous sO 


fluoresce 


aqueous ind petre 


glutathione (72) and 
with X-rays, 
ether solutions of 

14) with X- and cathode 


solutions ot 


certal 

un elie sil 
yu 16, 2 
r W 
iqueous 


carboxypeptidase (11 


ind a particles have been 


n terms of this proposed 1 
The 


und 


iwreement between tl 


the 


function oft 


observed values 
the initial so 
tration is Close 
As dilute 
lata, the 


solutions were 
radical-forming 
of the impinging radiatio 
solvent should be of the or 
when no solute is present 


cathode-ray irradiation 


average 3.6 


100° ey 


values 
dissociated pet 
pended in iqQueouUs soli 


value is in) good 


agree! 
recent unpublished value o 


dissociated per 


molecules | 


expended in pure wate! 
The caleulated radical-t 
mency of a-party les on aAqUeOUS 
tions of carboxypeptidase 
ndicate the existence of 1 


iwtions of a single solute 








Production Testing of 
Multiplier Phototubes 


Production control tests are used to maintain and improve the desirable 
characteristics of multiplier phototubes. A new test of cathode sensitivity 
to blue light correlates well with results obtained with phosphors. 


An understanding of these tests will benefit the user 


By R. W. ENGSTROM, 


( 


j 


SS1O ¢ 


Cathode Sensitivity 


{ 


response 
( it! ie 


nh seint 


blue and 


countered 

lines I I y 

Absolute sensitivity 
t 


sens T é t ete ny 


mined bi 


58 


nsit 


R. G. STOUDENHEIMER, and A. M. GLOVER 


il ; 0 ( sf l tv. 
Blue sensitivity. \ost phospl 


indi ites the 


Tubes 


in Fig. 4 


mission; the 


orrelated quite well with pulse-height 
resolution data obtained bv users of 
he 5819 tubes, the test of blue sensi- 
itv has now been included in routine 
oduction testing A lower limit of 
been established 
sensitivity ranged 
now the best 

is 8 pa/lu 


sensitivity of 3-5 wa/lumen 


Anode Sensitivity and Gain 
The anode sensitivitv is a product 


f the cathode sitivity and the gain 


\ 10 
This light 
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SIGNAL-TO-NOISE RATIO and collection efficiency are measured in production testing with 
this apparatus. R. W. Engstrom adjusts multiplier phototube for test. Light from tungsten 
lamp in box passes through rotating-disk chopper and filters and impinges on cathode of tube 
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40 
re uminous Sensitiv o / lumen) 
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FIG. 1. Spectral response of 5819 multiplier phototubes, showing FIG. 2. Distribution of cathode sensitivity in production sample 
of 403 type-5819 tubes 


range of observed variations 
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60 
umen of 2870°K radiation) 


ovelength (Angstoms) 


FIG. 3. Spectral plot for tungsten lamp with and without Corning FIG. 4. Relation of tungsten to blue sensitivity for production 
5113 filter sample of 5819 tubes 


is limited to 
regenerative t 


not encountere 


HOO OO) t “4 on the next 


As might be ex 


Dark Current and High Voltage a eae 


I e 5819 possible 






























































tivity (amp 


bution of anode sensitivity for 403 type-5819 tubes 
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could be 
the 


mprovement 


careful cooling of 


Collection Efficiency 
Althougl 


yg the properties discussed 


mtribute to increased effi- 
scintillation detector, the 
rh cathode sensitivity may 
nefficient electron focusing 
ng system is used. If the 
nt is not centered, the focal 
the photoelectrons on the first 
not be the spot of maxi- 

In a very poor align- 

actually 
first 
tube is 


might 
instead of the 


é electrons 
when the 
rately, it has been possi- 
ount to be shifted by a 
Recent mcor- 


designs 

strengthened assembly to 
iwvement 

nethod of measuring 

in the multiplier 

Morton 


ol amplified electron 


mstrated by 


anode is compared with 
cathode emission in units 
rges, This 


production 


method, 

not used for 
luction test used measures 
f the output signal to noise 
na This test 


what might be 


correlates 
termed 
cathode sensitivity (cathode 
collection 
discussion analyzes the 


test 


efficiency) 


between the indication, 
the collection efficiency of 
nie stage 

square noise current, 


the output of a multiplier 
it! Af Is given by 





Test Voltages for Sliding-Scale Break- 
down Test 


Varimum per- 

Over-all missible anode 

test dark current 
roliages (pa 


10* 1,400 
10* 1,350 
10® 1,300 
10® 1,250 

l, 


10° 200 
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50 60 70 80 90100 


Measured Cathode Sensitivity (ya/ lumen) 


FIG. 6. 


Electron collection efficiency as determined by measurement of cathode 


sensitivity and of the ratio of signal to noise in the signal 


where yw is the over-all multiplier gain, 
m is the gain per stage (assumed to be 
and 


uniform), e is the electron charge 


1, is the cathode emission current col- 


lected by the first dynode Some of 
the electrons emitted by the cathode 
be collected by the shield 


may and 


which do not provide 


The parenthetic 


other parts 
secondary emission.) 
quantity {1 + B 


increase due to the 


m— | is the tactor 


of noise random 
emission \ 
recent Morton (1 
shows B 1.54 for type 5819. If 
m 4 and an output load resistance 


character of secondary 


measurement by 


of R is assumed for the multiplier, the 
approximate value of the mean square 
noise voltage output Vande s given 


by 


Va" )ave = 3R%y el, Af 


The collection efficiency of the 
multiplier tube is obtained by 


paring this noise output voltage 


com- 
with 
The 
current, 7, (for a d- 


a useful signal output voltage 
anode signal 
test), is equal to uly, and the corre- 
sponding output voltage equals uR/, 
If the light is now chopped to produce a 
square wave of frequency, f, so that 
the undistorted peak-to-peak output 
and an effective 


voltage is V,, output 


capacitance of C is assumed, the rms 
value of the distorted square wave is 


given by 


2nfRC)? 


In the present 5819 test, f = 90 eps 
Af = 1/4RC or 1,000 eps, and thus 


ViVe O.AT7V, = OATTURI, 


The the 


signal, 


ratio of signal to noise in 
S/N, 


decibels as 


may be expressed in 


10] 0.47771, 
m6 3seAf 


If the measured cathode current is 
Jim and € is the efficiency of collection 
ot photoelectrons at the first dynode, 
the effective cathode current /, is equal 
to €] km 


is less 


The effective cathode current 
than the cathode 
that current 
collected by tube parts such as the 
shield or the grid wires. If the value 
for bandwidth and the test-condition 


measured 


current by amount of 


illumination of 10-7 lumen are sub- 
and if J,, is the 


measured cathode sensitivity in micro- 


stituted in Eq. 5, 
amperes per lumen, then 


10 logy (elem) + 16.76 (6) 


The collection efficiency, €, may thus 
be determined from the measurement 
of S/N, and I,.. 

Figure 6 illustrates the application 
of Eq. 6 for S/N, to the determination 
of collection efficiency. Contour lines 
collection- 


The plotted points 


are shown for constant 
efficiency values. 
represent data on recent production 
of the 5819. Points the 
marked 100% collection efficiency 
result from a probable error in meas- 
urement of the order of 0.5 to 1.0 db 

Data on collection efficiency 


above line 


versus 
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sensitivity This test also serves as a 
check on mount positioning which 


might result in poor focusing. 


Magnetic-Field Considerations 

Collection efficiency may be reduced 
by the presence of magnetic fields. 
Because of the relatively large spacing 
in the 5819 between the cathode and 
the first dynode, a small magnetic field 
may cause appreciable deflection of 
photoelectrons. The effect is most 
pronounced when the electrons are 
deflected along the width of the first 
dynode by a magnetic field parallel 
to the axis of the dynode cage. 

The sensitivity to such a magnetic 


| 
nek 


1 is shown in Fig. 8 for the 5819. 
Since the magnetic field of the earth 

of the order of O.S gauss, certain 
alignments may affect the operation 

the 5S19. In critical applications 
it may be advantageous to provide 
magnetic shielding The effectiveness 
of one and two-laver mu-metal shields 
is indicated in Fig. 9 

It is possible to reduce the magnetic- 
held sensitivit, rN increa g the 
voltage applied between cathode and 


first dynode. Effectiveness of this 





procedure is also illustrated in Fig 





Mount Displocement from Optimum (m 


FIG. 7. Variation of collection efficiency with mount displacement and cathode-first- 


| 
1 
3 } The asymmetries observed result from 


some misalignment of the mount struc- 


ture and from the effect of the horizon- 


dynode voltage for early version of 5819 tubes. Positive values are displacement tal component of the earth’s magnetic 


away from anode side of dynode cage 


} 


1i0de-to-first- 
Fig. 7, were 
ction samples 
h could be 
nping. A light 
nated prac- 
Mount 


held A voltage of 150 volts is recom- 


mended as a suitable value t be 


appled betwee! cathode and _ first 
displacement from the optimum posi- dynode. 
tion was measured optically with a 
cathetometer. BIBLIOGRAPHY 
A test limit has been set on the value 
of S/N, (26 db minimum) rather than 
on collection efficiency since S/N, is a 


direct measure of effective cathode 


























FIG. 8. Sensitivity of 5819 tube to magnetic fields showing FIG. 9. Effectiveness of 0.045-in. mu-metal shielding in reducing 
variation with cathode-first-dynode voltage. Magnetic field magnetic sensitivity of 5819 tubes. Magnetic field is parallel 


is parallel to dynode-cage axis 
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to dynode-cage axis 
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NEW- Fast - Reliable - Lower Cost! 


%* DIRECT READING 
% COUNTING TO 1,000,000 CPS 
3% RUGGED PLUG-IN CONSTRUCTION 


’ 
Berheleys complete line of decimal counting units includes the 
improved Models 700A and 705A, now offering higher counting 
speeds, increased stability and longer operating life. Two new units, 
the 706A and 707A, have been added to provide maximum counting 
rates of 350,000 and 1,000,000 cps respectively. All units are designed 
for cascade arrangement to provide any desired total count capacity. 
All units of same model number interchangeable without adjustment. 


Instantaneous reset to zero through opening of grid return circuit. 





SPECIFICATIONS 
MODEL MODEL MODEL MODEL 


700A T0SA 706A TOTA 





Maximum Counting Rate} 40,000 cps 100,000 cps 350,000 cps 1,000,000 cps 
* nvenrsen. Acres $< $$$ 
Resolution—Pulse Pairs 5 se 5p sec lp se 0.8 p sec 
ame cceteetetdnnndadacein TET hd Ate EE ee Sd 
4-5963 4-5687 
Tubes ) 5-6AL5 6-6AL5 

= ee 


Plug-in Mounting cta 11 pin 11 pin 
}—__—__— —___—___—_} + - —____-—____+ 
: 3M_"x5Y2"x542" 


Dimensions 2”xS'2 
| — 4 


Weight 12 oz 


Price* $50 


“ Lower cost- 4 Berkeley Policy 


Continually- widening applications for Berkeley instruments and 























components have enabled us to realize substantial economies in manu- 
facturing cost. These benefits are distributed equably among those 
who have made them possible—our customers, our engineering and 
manufacturing group, and our field organization. To you, the user of 
Berkeley instruments, these benefits accrue in the form of better and 


better equipment at lower and lower cost. 
FOR COMPLETE INFORMATION, please write for bulletin 700-N 


2200 WRIGHT AVENUE « RICHMOND, CALIFORNIA 
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CROSS SECTIONS. 


Prevention of Side Effects in Sterilization 


of Foods and Drugs by lonizing Radiations 





By B. E. PROCTOR 
and S. A. GOLDBLITH 
Departr f I h 
Vaseac! 











x 


FIG. 1. Effects of 3-Mev cathode rays on crystalline pepsin in acetate buffer (pH 4.3) 
and in the presence of varying quantities of sodium d-iso-ascorbate 

















nisms 
the main 

them FIG. 2. Effect of cathode rays on hemolysis of 5% red blood cells (bovine) in phys. 
cals are saline 
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solutes that 


free 


produced in the 


present These radicals can then 


with the solutes and cause 
lation or reduction, cleavage 
is, and the 


t 


like 


reactions of high-energy radia- 


water may be illustrated as 


water 


is bombarded by ioniz- 


itions, a positive water lon Is 


1 an electron is liberated 


HO > HO 1) 


tron reacts with another 


water, lorming a negative 


+ H.O— H,O (2) 


ve water ion dissociates 


n ion and a free hydroxy] 


+>H*+ + {OH (3) 


water ion dissociates 


on and a hydrogen 


a strong 


nt and will oxidize any 
ute The hydrogen atom 
lucing agent and, as such, 
solute. If 


solutes are 


reduc ible 
reducible 
licals may recom- 


in 


OH — H,O 


these illustrations are 


f the complicated proc- 
do in the main 
ore important over-all 
bombarded by 
off-flavor 


ge may be represented 


ina an 


[OH 

> oxidized off-flavor 6 
other hand, there is mixed 
1 some compound that 
j 


a free-radical acceptor 
the flavor 
it should 


reduce the 


compete with 
r the [OH 


to minimize or 


» that it 


radic “al 


is so slight as to be 
Ui xperienced taste panels 
with the 


ght otherwise occur 


off-flavor 


olecule + [OH 
FRA 


reduc ed 


FRA 


> Flavor 1 wlecule 
OH 7 


oxidized 
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may be 


The 
complished elimination of off-flavor, in 
the 


authors have 


successiully ac- 


case of several foods, by using 


ascorbic acid, d-iso-ascorbie acid, and 


salts. For 
luncheon meat 


their example, chopped 


has been treated with 
sterilizing doses of high-energy cathode 
there off-flavor 


This was accomplished by intimately 


rays, has been no 
mixing into the meat prior to irradia- 
tion one of these compounds 

A quantitative demonstration of this 
process Is pre sented in Fig. 1 Crvstal- 
line pepsin in dilute solution is radio- 
With the addition of small 


amounts of sodium d-iso-ascorbate, it 


sensitive. 


was possible to protect the pepsin. 

To be of 
ceptor should be effective in low con- 
should be 


readily 


value, a free-radical ac- 
and 
with the 
Ascorbic 


rivatives 


centrations, 
should be 


nontoxK 
miscible 
material to be protected 
acid and its analogs and de 


are well suited for this purpose 


have 
red 


blood cells that have been exposed to 


Among other side effects that 


sis of 


been observed is the hemols 
ionizing radiations. The authors have 
found that when red blood cells (5% 
suspension in saline) are irradiated 
with cathode rays, 50% of the blood 
is hemolyzed at a cathode-ray dose as 
low as 1.25 10° rep, but when sodium 
is added to the suspension 


ol red blood cells, 


ascorbate 
50% hemolysis does 


not oecur until the dose is as great as 


> 
o 


5 & 10° rep (Fig. 2). 
Other ramifications of this technique 
and its effective action will be reported 


in more detail later. 
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Advances 


Hood for Radioactivity Work 


By S. H. WEBSTER, E. J. LILJEGREN, and C. C. POWELL* 


National Institute 


thritis and Metabolix 
Vation« stul ult ; 5 


la, Ma 


The design of laboratory 


is governed by 
siderations 
economy or space 
ever, in laboratories 
materials the 


that of 


prime 
salety ol 

equipping existing buildings with hoo 
it is likely that some 


mit be made, due either 


imposed 


space. Ho 


building 


strictions 
supply or 
ng av new 


sivel for the stud 


materials, it bole 


is possi 
rooms and facilities arout 

During the p 
Isotope Laboratory at National 
Institutes of Healt! Bethesda 
Maryland, the underlying pl 
was that in so far as possi nN 


with 


inning 


losopt 
Minip- 
ulations radioisotoy 


carried on within fume 


. address: | 
Baltimor 


Present 


Service Hospital 


Diseases 
yland 


cordingly, these hoods should provide 
ample working space, should be capable 
of easy and rapid decontamimation in 
case of accidental spills, should provide 
visibility, should) be sturdily 


good 


constructed to allow heavy shielding 
to be added if 
all, should provide safety by permitting 
al of toxi¢ 1 dusts 
without the muate- 
the 


these laboratories 


and, above 


Necessary 


the remo furnes am 


possibility of these 


rials entering the room. Since 


conditioned a n 
not to be rec 


was reulated, all 


room air was to be exhausted throu, 
the hoods 
In addition to 


there was the additional 


these re quirements, 
one of filtering 
the exhausted air to remove radioactive 
material 
the 
this 


duplex units consisting of a M-3 paper 


before discharging the air to 
The filters 


were 


outside selected for 


purpose Chemical Corps 


filter followed by a charcoal M-S unit 


However, experience with corrosive 


and 
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materials, such as fuming nitric 























thickness of all this material is 3, in 





the countertop being 


1!,-in. thick. 








The finish of the material is suitable 
for the repeated application of strip- 
pable plastic paint without damage to 


the original finish. This permits the 











interior to be decontaminated by 


Sosh Frome removal of the strippable coating. In 
Detail ot "C" practice, with the exception of the 
windows, the light and the cup sink, 
the entire interior of the hoods includ- 


ing the service outlets and the tray is 





sprayed with the plastic material. 





Utilities 





Elevation 


utilities ull gas, 


ind hot water, and steam 





as shown The ser- 








» knob controls 
identification, 
ng named. In 


mare tips extend through 





means of introduc- 


withdraw water or other 








FIG Details of fume hood 


curre 

the filter 
material 
a serious | 


The ad 
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ncontaminated liquid wastes or a 
without the use of a rubber tube 
ugh the hood 

above the 


opening. A cup 
working Ssurlace pro- 
condenser water 

Is I irely needed 

e air outlet is 
justable pressure 
furnishing air at 

id electric cord 

outside of the 

itlets on either 

> or 220 volts a-c 

The vacuum outlet, instead of being 
mnected to the house vacuum line, 
attached to a vacuum pump located 
the base of the hood, the exhaust 
WAS poss ) have a spac ig vented behind the hood baffle. 


» hoods more 


motor for this pump is actuated 
> tt wide | a switch on the right column above 

constriction in the ! » knob controls 
The essential fea S 4 od The light switel n the left column, 
the fluor light ‘ 
controls The 


located 


how in use are 


assembly 
working surlace 
watertight pan 

i trough along 
opening into tl 

this opening 

stances being closed a rem I ‘he fa | f this hood is 
stainless-steel pi or rain } y ) lled I n tempered 


There is a total | yf 1 1 ) piate-gia panels, ent 


sliding in a 


back; this per eparate stainless-steel track mounted 


from the fror I hoe ll e ol the sash trame hese panes can be 


lage moved to provid i maximum opening 


The superstructure, ba 


approximately o X. at any 
front and side panels id counte | pl > glong the ron ind an be 


are fabricated removed by lifti them from 


asbestos board reate é NACK e track 


resin coating Tempered plate glass was selected 


faces which are ghiy acl alka rather than wire sh glass or the 
and solvent-resista 


iminated type so-called safety glass 
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from PRATT & WHITNEY AIRCRAFT 
Foremost Aircraft Engine Designers 


ELDOM in a lifetime does the opportunity 
S come along to get in on the initial stages of 
a great and revolutionary development. 

Yet, one such opportunity does exist today— 
at the Pratt & Whitney Aircraft Division of 
United Aircraft Corporation. This is one of the 
few concerns in the country to be selected by 
the government to develop nuclear energy pro- 
pulsion for aircraft—one of the most challenging 
assignments today. 

This program offers you not only a chance to 
get into the field of nuclear energy . . . it also 
provides an opportunity to work under condi- 
tions that are ideal for creative talent . . . and 
build a sound career in private industry. 

We need today Physicists, Mathematicians, 
Chemists, Metallurgists, Designers, and Engi- 
neers who will serve as members of a team. They 
must be more than theorists. They must com- 
bine a sound knowledge of their field and imag- 


ination with the ability to apply their talents to 
realistic and practical work. 

You will enjoy working and living with us. 
Your work will be important to the community 
as well as the nation. And we have the resources 
and research equipment to stimulate and fur- 
ther the most advanced scientific thinking. 

We believe you will like the Hartford area, 
for it is a congenial New England community 
with outstanding social and cultural advan- 
tages. And equally well, you will appreciate the 
benefits which Pratt & Whitney offers—group 
life, hospitalization, accident and health insur- 
ance—plus a cooperative retirement income plan. 

Why don’t you have a talk with us... we will 
assist you in any way possible . . . hold any 
conversation you have with us in the strictest 
confidence. Simply send your resume to Frank 
W. Powers, Department (5) at the address 
listed below. 


PRATT & WHITNEY AIRCRAFT 


DIVISION OF UNITED AIRCRAFT CORPORATION 


EAST HARTFORD, CONN. 
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FIG. 2. Performance test of hood with sash raised FIG. 3. Performance test for maximum panel opening 


follow 


hood 


mixture ood 
hood straight vertu 
opening at the | 


he erity 


breal 
iragi 
out 

the ter 
part 
produ 


fron 


FIG. 4. Test of air flow at edge of face 
opening 


approximate! 
seen from | 


satisiactol 


when 
ice ilong the 
In planning for 
sua in the Radiation Wu 
The hood pi é t rnace Center at the National t $s ol tamination or renewal 

type gravity-operat lamp Health, a number f plastic coating 
which opens when tl! . n ! have been made that the hood is operation 
nearly closed ‘) nex] , n To provide for easier 0 actually pulling air, a pneumatic 
trol effectivel duce I velocity plumbing, the services on the operated switch and pilot light have 
of the air movement igh the ho of the right-handed hood and on the been added 
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Check These New 





Meine Units 


Against Your Requirements 


For Precisely Regulated Power 








AC LINE REGULATOR 
Model 1001 


Never before has this order of accuracy — +0.01% 
been available in a commercial AC Regulator, as 

a standard catalog item. 

Only four vacuum tubes and NO relays are used; all 

filament voltages are regulated. That means long 

tube life, easy maintenance, economical operation. 

SPECIFICATIONS 

Load range 0 1000 VA 

Input voltage range 95 — 130 VAC, 1, 55 — 65 cycles 

Load P. F. range 0.7 lagging to 0.95 leading 


115 VAC, 1 
(adjustable from 110-120 volts) 


3% max. 


Output voltage 


Distortion 
0.1 seconds 


+0.01% 


Time constant 





Regulation occuracy 





DC POWER SOURCE 
FOR SPECTROPHOTOMETERS 
Model E-6 /2-5 


The best of spectrophotometers will give erratic re- 
sults unless input power is held within close limits 
during the full period of operation. 

The Sorensen Model E-6 ‘2-5 Nobatron* assures that 
your equipment gets 2 and 6 volts DC, +0.01%, con- 
tinuously & indefinitely at normal room temperatures. 


SPECIFICATIONS 


Input voltage range 
Output 

#1 for lamp 

#2 for filament 

#3 for bias 
Filtering 


- 
= 


#2 & 3 
Regulation accuracy 
Time constant 





95-130 VAC, 14, 50-60 cycles 


6VDC adjustable + 10% at 5 amperes 
6VDC at 100 Ma 
2VDC adjustable +10% at 100 Ma. 


1% mox 

0.05% mox. 

+0.01% against line changes 

0.1 seconds under most severe line 
changes 


Size: 17 x 12' x 17 self contained 





The accuracy is guaranteed at room temperature, for 
a resistive load, an input variation of +10%, and 
over a two-to-one load change. For all other condi- 
tions within the specifications, the Model 1001 has a 
proportionate amount of accommodation. 


19 x 12'4 panel for relay rack mounting 
Weight: Approximately 90 pounds 
Meters: No meters are provided due to the extreme 
regulation accuracy involved 
*Reg. U.S. Pat. Off. by Sorensen & Co., Inc. 


The Sorensen line of standard Isotronic instruments includes, in addition to the 
above, low and high voltage DC supplys, AC line regulators, wide-range- 
variable DC supplys, highly stable frequency changers. Standard models are 
available in a broad range of capacities to meet extremely varied require- 
ments. Write us about your particular needs in regulated power. 


GF 44 SORENSEN 


SORENSEN AND COMPANY @ 375 FAIRFIELD AVE., STAMFORD CONN. 
Vol. 10, No. 4- April, 1952 69 








biological factors and the present 
. limitations of this rapidly developing 


method are particularly illuminating. 





In the article on Radioactive I soto pe 8 


, in Clinical Diagnosis, Edith H. Quiml 
Advances in Biological and Medical ods of presentation of irem pares ™ ; a 


Physics, Vol. Il , Tol H lat ae od ; presents a brief summary of the meth- 
ys! ? . , eaiteda Jvonn aata ane he baby - mm ul 


Lawrence and . p +, Hamilton synthesized to the da ‘ iting. th ods in use for radioactive iodine, phos- 
1951 sal Maia iat “it phorus, sodium and iron. 

a alias Reciateall Atherosclerosis has been the subject 
sieciete Ciliates os ; of numerous researches by a team of 
ka Wieden © Ohiiciii si ; workers whose spokesman is John W. 
is aid ak sastanc’ ‘ ee Gofman. In Bropl ysical Approaches 

to Atherosclerosis, he presents the find- 
ngs of this group and demonstrates the 
use of the ultracentrifuge in the elucida- 

1 of the mechanism of a pathological 
condition. In a notably concise man- 
he has presented the theoretical 
ind experimental background of this 

nportant series ol experiments 
rhe distribution of circulating blood 
ind the exchange of its contained sub- 
stances have beer receiving increasing 
ee ; ; ittention In recent vears. In Molecu- 
oun ing . ] "3 othy aa z ; ‘hrough Tiss Regions, Hardin B 
ie ‘ e ; I d his own data and 
us exchange and 
‘ inge with a short 

ize 

statements o1 Subjec i “eas sis HP, ONE IR 
eat SRS ; i With age. irti iV informative are 
en a ; ; #5 exchange, thy- 
and sodium 


xchange. 


developing ; 
: All in all ie volume consists of 
greater detall 


several good view or respective 
successiully 


, Whether : ol presenta- 
brief resume } 

good as, or better, than the 
} 


such 


radioautog! 


HAM EDELMANN 
gy Department 
onal Laboratory 
ton, Ne York 


absorbed rac 


The Measurement of Radio Isotopes, 
by Denis Tavlor, John Wiley & Sons, 
nee ‘ Inc., New York (or Methuen & Co., 


long with 


riod, threshol 


1otable for the 


Ltd., Londo 195 vii + 118 


ind 40 d 50) 


the proble: Sas 
elements such as plutonium, ph« The author, who is head of the elec- 
phorus, strontium, and carbon he tronics division of the Atomic Energy 
Research Establishment at Harwell, 


not to be pecially ha rdous because England, has \ 1 this pocket-size 
of the rapid loss of C'* from the body 11 X 13 em) book on the measure- 
Those interested in measurements of ment of radioisotope s and addressed it 
isotopes in vivo with externally placed to the nonspecialist in the field. With- 


instruments will find the article on Jn in its 118 pages are packed a surprising 


s Vivo Studies with Radioisotopes by amount of information, succintly 


and 


Fol- Enrique Strajman and Nello Pace clearly written 
lowing section particularly helpful. The sections con- A brief mathematical introduction 
on the variou I meth- cerned with the various 
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physical anc 


I } is followed by tw chapters on counting 


April, 1952 - NUCLEONICS 








——— 


EKCO 


VIBRATING REED ELECTROMETER 








TYPE 1079c¢ 


THIS instrument has been designed in conjunction with the British Atomic Energy 
Establishment, expressly for measuring the small direct currents and voltages encountered 
in Nuclear research. It can be used as a replacement for most electrometers and has a 
zero drift of only 1 to 2 mV per day. Direct indication of the voltage or current being 
measured is given on the panel meter; simultaneously a I m.a. or 100 millivolt recorder 
nay be operated. 

Four voltage ranges are provided — 0-30, 0-100, 0-300 and 0-1000 millivolts. There 
are three switched input resistors, their value being 10°, 10'° and 10'? ohms respectively. 
In its most sensitive conditions the Electrometer gives a full-scale deflection for a 
current of 0.03 micro-micro-amps. 


For operation 110-115 and 200-250 volts A.C. 40-60 cycles, 


Catalogue and further details can be forwarded on application. 


~ KC () ELECTRONICS 


U.S. Sales & Service :— 
AMERICAN TRADAIR CORPORATION, CHRYSLER BUILDING, 405 LEXINGTON AVE., NEW YORK 17, N.Y. 


Manufacturers: E. K. Cole Limited - Electronics Division 5 Vigo Street, London, W.!, England 


la =a 
eS 
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AN orici 


Specification requirements 


nally designed for Army-Navy 
Now 


for instrumen nnects and « 


used 


| 


widely 11S- 


threaded cou- 
types—3 
ms and accessories, 


i more than 200 insert 


type connector 
ts. Connects and 
together by 
Made in 7 shell 
rs and more 


use of glass 
th machined 
é types 
tly having 30 lay 


arrangements 


RS Her 


Silient f 


with special re- 
i adapted to 
aircratt i i tl ¢ | m px 


The 
Connect i f i ig 


nents 
AN 


inserts. 


CANNON ELECTRIC! 


CANNON 


REPRESENTATIVES 
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ELECTRIC COMPANY 
FACTORIES IN LOS ANGELES, NEW HAVEN, TORONTO 


IN PRINCIPAL CITIES 


counting, the 


=vstems ! r tor 


geometry, and sel{- 


effects 


together with 


ibsorption are discussed 


the highest quality 


the isurement and 


techniques ot me 
ctors that 


the 


ous Col are 


and greatest variety 


for the instrument industry general observed 
counting rate 
References \ r, are treated 
rather sketcl iduals and com- 
referred to by 
eginner would be 
iuthor 
selected 
those who 
» subject farther 


standaradl 


Progress 
considerably manuseript tor 


book was completed in September 


the 


the 
1950 


OPM This series used 


tronic equipment where a multiple contact, 


primarily on elec- ind the reader is left wit] 


mpression that the standardizatio 


rack and panel connector of extremely 
Both 4 


inted 


rdiolsotopes 


For 


small dimensions is required. 


and receptacle are rigidly vstery 


nect and disconnect automatically when availab 


assemblies, to which they are mounted, are : : t vou 
i oactivity wo 
joined or separated. Made in 2 sizes having 


2 contact arrangements 


The 


mittee on 


work of the Internationa 
Radiation Protectior 
{ } rt 


rentioned section 


th sate ious AMmMoun 


radioactive materia 


In spite of these shortcomings 


AN-M 


vibration-proof 


For the tough jobs. Moisture- 


proof, and irized 


Radio 


threaded parts are dr 


press 
shielding is provided and all 
1 for safety wirin 

Connect and disconnect by screw acti 


threaded coupling ring. The variety 


and layout arrangements is near! 


as the AN line. 


BOOKS RECEIVED 


Science and Humanism (Physics in our 
Time), by Erwin Schrédinger, Cam- 
ridge Univer New Yor 
1951, 6S page 1.75 This 


lustr: 


Pr 
ess 


RTC Isa quick 11S« 


separation torce and having simple mount 


nnect requiring lov 
pocket-size 


ing requirements for chassis or wall types ectures 


vided in receptaci¢ 


tor 


Moisture drain holes pr 
Plug 


down wires after soldering. Made in tive 


section section provides lacing Dublin 


tion 
sizes 

an 

situation.” 

For engineering data on any 
of these Cannon Piugs request 
free bulletins by type, such 
as “K"’, “GS”, “RTC”, etc 
Address Department D-124 \ 


Since 1915 | 
| 
| Cannon Electric Company 
l 
‘ 


The Principle of Relativity (reissue), by 
Einstein, H. A. Lorentz, H. Minkow- 
SK ind H. Weyl, Dover Publications 


New York 
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P.O. Box 75, Lincoln Heights 


Station, Los Angeles 31, Calif Ine 1923, vi + 216 pages, 





dependex makes it possible 

for any school or industrial 
laboratory to own and use 

a modern Van de Graaff accelerator. 
The entire dependex system is built 
fow simplicity, 

ease of installation, versatility, 
expandability, and low cost 


. with all the proved advantages 


the NEW T°" te tae 
Van de Graaff 


2 MeV ACCELERATOR 


for production of all elementary radiations 


x-rays, electrons, With dependex, matching, 
unit basic components can be combined in various 
ways to suit specific research requirements, 


For details, ask for Bulletin AKn. 


*dependex expresses a new idea... 
construction of apparatus to produce neu- 
trons, protons, deuterons, tritons, alphas; 


Hicu VoLTAGE ENGINEERING CORPORATION 


7 UNIVERSITY ROAD CAMBRIDGE 38, MASSACHUSETTS 
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PACKAGED, Electronics 


a ~~ 
aq = - 


A typical 
Servomechanisms, Inc., 
computer for aircraft 
control systems. 


Packaged, Functional 


Electronic Controls for 
Defense and Industry 


Servomechanisms, Inc.,...pioneers in the 
design and production of packaged 
function ‘building blocks” for electronic 


: MECHANISMS — COMPUTERS 
and electro-mechanical control systems. 











Each block in the system is an individu- 


ally packaged function easily plugged- 
in or out of pre-wired chassis. This 
technique simplifies maintenance and 
reduces the ‘““\down-time”’ problem to 
minutes. Both 60 and 400 cycle blocks 


are available for system synthesis. 


; : -ADAPTER 
Servomechanisms’ packaging tech- snd tecelaanttiared 


} price circulars 





nique provides the military and in- POWER SUPPLIES 
dustrial designer with: 

* Spatial Adaptability - 

* Interchangeability 

* Training Simplicity J 

* Ease of Assembly 


MODULATORS 


Fort Lauderdale, Flo. El Segundo, Cal. 
POST AND STEWART AVES., WESTBURY, N. Y. 


| paperbound $1.50 This inexpensive 
| reissue of the original collection of 
| memoirs on the spec ial and general 


theory of relativity, with notes by A. 


Somerfeld, and translated by W. 
Perrett and G. B. Jeffrey, is particu- 
larly suitable as a student’s text and 
where hard usage is not expected. (A 
clothbound edition is also available 
at $3.50.) 


Industrial Ventilation—A Manual of 
Recommended Practice (2d edition). 
A wire-bound book intended as a ready 
source of recent data on exhaust venti- 
lation. Information on hood and duct 
design, make-up and recirculated air, 
construction specifications, testing sys- 
tems, fans, and air cleaning devices is 
included in 11 well-illustrated sections 
A bibliography and appendix provide 
idditional data. It is published by 
the American Conference of Govern- 
mental Industrial Hygienists. Com- 
mittee on Industrial Ventilation. P. O. 
Bor, 453, Lar sing Vich., 83. 


OTHER LITERATURE 


| Prospecting for Uranium (revised edi- 


tion This is the booklet jointly 


published by the Atomic Energy Com- 


mission and the lI S. Geological 


Survey, the first edition of which sold 


| 77,000 copies. The new edition con- 


tains eight color reproductions of 


|} common uranium-besring ores hitherto 


unpublished, the latest official AEC 


bonus information, and 


a compilation of publie land orders 


} 
| listing tracts withdrawn from public 
use GPO Washington 25. D. Css 


$0. 45, 25% off on lots of more than 100. 


| List of 22 Patents and 1 Application 
| for Patent Released for Public Use 


by the AEC (Vol. Il, No. 1, February 19, 
1952). Issued by Ci ief, Patent Branch, 


Office of the General Counsel, l ss. 


Atomic Energy Commission 


Instrument Servomechanisms (PB 104 
386). This is a 265-page text devoted 


exclusively to servomechanisms used 


| for automatic positioning. The be- 


havior of servomechanism systems and 
components 1s explained by analogy 
with the actions in electronic circuits. 


Prepared by William J. Deerhake and 


| Albert C. Ball and published by the 
| Special Devices Center of the Office of 
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Here are the coils you want 


--- the way you 


Take advantage of one of C.T.C.’s 
most popular and useful services... 
the winding of slug tuned coils to exact 
specifications. Single layer or pie types 
furnished. You can be sure your specs 

military or personal will be faith- 
fully followed to the last detail of ma- 
terials and methods, and with expert 
workmanship 

C.T.C. coil forms are made of quality 
paper base phenolic or grade L-5 sili- 
cone impregnated ceramic. Mounting 
bushings are cadmium plated brass and 
ring type terminals are silver plated 
brass. Terminal retaining collars of 
nylon-phenolic also available in types 
LST, LS5, LS6. 

Wound units can be coated with dur- 

. ish, wax or lacquer. Both 


want them! 


coils and coil forms are furnished with 
slugs and mounting hardware and 
are obtainable in large or smal! produc- 
tion quantities. Be sure to send com- 
plete specifications for specially wound 
coils. 


All C.T.C. materials, methods, and 
processes meet applicable government 
specifications. For further information 
on coils, coil forms or C.T.C.’s special 
consulting service, write us direct. This 
service is available to you without extra 
cost. Cambridge Thermionic Corpora- 
tion, 467 Concord Avenue, Cambridge 
38, Mass. West Coast manufacturers, 
contact: E. V. Roberts, 5014 Venice 
Blvd., Los Angeles, and 988 Market 
Street, San Francisco, 

California. 


CAMBRIDGE THERMIONIC 
CORPORATION 


‘ustom or standard... the guaranteed components 
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“Phenolic 
Slug lockin 
9 SPring, 


NEW CERAMIC COIL FORM KIT. 
Helps you spark ideas in designing elec 
tronic equipment or developing proto- 
types and pilot models. Contains 3 each 
of the following 5 C.T.C. ceramic coil 
form types: LST, LS5, LS6, LS7, LSB. 
Color-coded chart simplifies slug-identi- 
fication and gives approximote fre- 
quency ranges and specifications. Nylon- 
phenolic collars to replace metallic rings 
available with kit for all ceramic coil 
forms except LS7 and LS8. 


a 
ss 


NEW NYLON-PHENOLIC COLLARS. 
Terminals held securely; soldering spaces 
doubled; excellent for both bifilar and 
single pie windings. Show an increase in 
Q and many new benefits over metallic 
rings — without impairing in any way the 
moisture- and fungus-resistant qualities of 
coil form assemblies. 
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Naval Research, it Is especially useful 
as a primer for personnel who must 
service such units. Office of Technical 
Services, Dept. of Commerce, W ashing- 
25, D. C., $2. 





ton 


BOOK NEWS 


a” , , e } Scienc - 
se The high degree of shield- Nuclear data. \uclear Science Ab 
ing obtained with the per- —t stracts is now publishing summaries of 
fected WESTON core mag: new nuclear data compiled by the 
net mechanism renders : 
Model 901 portables virtu- 
ally immune to external Data Group Previous data collected 
magnetic fields, by the NBS group were contained in 
Nuclear Data NBs Circular 499 
its three supplements (see NU, 
the third of which is 








National Bureau of Standards Nuclear 


® Annual review. Volume | of a new 
publication Annual Review of Nu- 
lear Science,”’ will come off the press 
shortly Prepared inder-the editorial 
supervision of the Committee on 
Nuclear Science of the National Re- 
search Council of the National Acad- 
emy of Science, it contains 26 review 
irticles by leading scientists in the 
field. It will be published by Annual 
Reviews, Inc., Stanford, Calif., which 
since 1931, has been publishing annual 
eviews of ie current literature in 


lds of science 


j 


volumes of the Annual 

f Nuclear Science’’ will ap- 
under the direction of James G 
rley Atomic Energy Commis- 
FK . . on) as editor, and Donald F. Mastick 
OR years instrument engineers have tried to build the \tomie Energy Commission), Mar- 
magnet inside the moving coil for a more compact, more n D. Kamen (Washington Univer- 
stable, inherently shielded d-ce mechanism. In the Model sity), and Leonard I. Sehiff (Stanford 
901 d-e portable instruments, Weston provides a prac- lantlgrsnags + dreaheagte relay es apt 
‘ a 4 orvell assachusetts s > oO 
tical and proved design of this type. The Weston core 8 ; cena L. . Curtiss mae 
magnet construction gives uniform flux field over a Bureau of Standards), E. Segré (Uni- 
wide deflection angle .. . withstands extreme mechani- ersity of Illinois), R. E. Zirkle (Univer- 
cal abuse... and is exceptionally well shielded without sity of Chicago), and Dr. Schiff will 


increase in size and with a reduction in weight. Be sure rice én the eaerses eamneeenee 


to get the details of this remarkable development from © Journal name change. The name 
your local Weston Representative, or write Weston f the official organ of the American 
Electrical Instrument Corporation, 583 Frelinghuysen Roentgen Ray Society and the Ameri- 
Avenue, Newark 5, New Jersey . . . manufacturers of in Radium Society has been changed 


Weston and Tagliabue instruments. to The Ameru an Jo irnal of Roe ntgen- 
ology, Radium Therapy, and Nuclear 


Vedicine. In editorial comment In 
the January, 1952, issue, It was ex- 


plained that the last three words were 
idded to the journal name in recogni- 
the ot 


tion of importance radio- 


isotopes and the rapidity with which 
thev have been employed within recent 
years, not only in diagnostic procedures 


but also as therapeutic agents.” 
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\ OC 7) FUME HOOD for handling 
Y>— Radioactive Isotopes 


Design approved for use by Oak Ridge Institute of Nuclear Studies 


. 
Air foils at hood face allow air to enter without turbulences. 


Low Velocity . . . operates with less than half the CFM of air needed 
on a conventional type hood. 


Air current directed across working surfaces removes heavy gases. 
* Entire interior of hood is stainless steel for easy decontamination. 
* Steel grating supports working surface, giving load carrying capacity 
up to 400 Ibs. per sq. ft. 
* Equipped with blower switch, warning light, and “over load” warning bell. 
* All service controls outside—no reaching in. 


* Outside measurements: Height 9 ft.; width 6 ft.; depth 3 ft. 6 in. Five inch 
Stainless Steel Sink welded into top. 


Precision built by Kewaunee Mfg. Co., one of America’s oldest and largest 
makers of fine Laboratory Equipment, including all types of Stainless Steel 


Equipment for Radioactive Laboratories. 


We also manufacture Laboratory Tables, 
Sinks, etc., for all types of Laboratories J. A. Campbell, President 
Representatives in Principal Cities 5083 S. Center Street Adrian, Michigan 
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NUCLEONIC EVENTS 





EUGENE M. ZUCKERT is sworn in as AEC commissioner by Supreme Court Associate 
Justice Stanley Reed at recent ceremony as AEC Chairman Gordon Dean looks on 


Zuckert Takes up Duties as Member of 
the Atomic Energy Commission 


M. Zuckert, former Assistant Secretary of the Air Force, was 
commissioner of the Atomic Energy Commission on February 
mportant post Is one Of a series Of government appointments 


recent vears Since he has been concerned 


n 1945, Mr 
tive assistaun 
then admini ‘ 
Property Administration. When 
Symington became Assistant Sec! 
of War for Air in 1946, Mr. Zuc 
Was appointed his spe 
In 1947, when the 
separated from the 
Assistant Secreta! 
faculty of under Mr. Symington. 
| of Business Mr. Zuckert was appointed to fil 
leonsultant the unexpired AEC term of Sumner T. 


leontrol: Pike, which ends on June 30, 1954 


Joint Congressional Committee Names Strauss 
to Head Atomic Expansion Advisory Panel 


Senator Brien McMahon has announced formation of the Atomic Plant 
Expansion Advisory Panel to the Joint Committee on Atomic Energy 
Chairman of the panel will be Lewis L. Strauss, a former Atomic Energy 
Commission member and at present a consultant to the Joint Committec 
“The basic missior f the panel,” 

Senator McMahon said : to advise concerning various phases of the 


and consult with the Joint Committee present and planned atomic construc- 


78 


tion program. Materiel priorities, la- 
bor relations, contract administration, 
organizational problems, the extent to 
which the plants are going forward 
with maximum speed and economy— 
these are some of the areas in which 
the panel will assist the chairman and 
members of the Joint Committee 

In addition to Mr. Strauss, the panel 
will consist of Ralph A. Bard, former 
Under Secretary of the Navy; James B. 
Carey of the CIO; Karl Compton, 
former chairman of the Research and 
Development Board; Roy T. Hurley, 


president of the Curtis Wright Cor- 
poration; Ralph E. McGill, editor of 
The Atlanta Constitution; and Bor s B 
Shiskin of the American Federation of 
Labor. 

The Panel will require the pre 
nary assistance ol qualified 
engineering-construction spec 
whose task it will be to examine certain 
of the plants being built for the Atomic 
Energ\ ion and to submit 
detailed technica ports for the use of 
panel members Arrangements lor 
this assistance are expected to be 


concluded short 


Additional Nuclear Sub 
and Plane Contracts Let 


Speed-up on the building and devel- 
opment of nuclear-powered submarines 
and aircraft was indicated recently 
with the announcement of the award- 
g of three government contracts. 

The Atomic Energy Commission 


in 


gave the General Electric Company 
authorization for the immediate con- 
struction of G-E’s land-based proto- 
of a nuclear reactor for sub- 
irines. The prototype reactor will 
be located ir special building to be 
constructed on a 4,000-acre site owned 
by the AEC in West Milton, N. Y., 
and will be used for final development 
work leading to construction of an 
intermediate energy reactor for sub- 
marine propulsion. The reactor will 
be housed in a steel sphere 225 feet 
in diameter similar to structures widely 
used in the chemical and petroleum 
industries. 
The Electric 3oat Company of 


Groton, Conn., is associated with G-E 
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this 
similar 
Electric 


as the submarine builder on 


project and is serving in a 
capacit to Westinghouse 
on which is constructing a 

actor of different 


Reactor Testing Sta- 


Corpor 


design 


An announcement last 
ndicated that 
d the complete power plant 


Westinghouse 
tion’s first atomic submarine 
Vautilus A 
the 
| engineer the project; it will 
the ob by 


S ) previous 


ed for company to 
constructing 


reactor but also the 
juipment for the sub. 


buildi nuclear- 


s awarded to Boeing 
last month by 
company will 
Pratt & 
Hartford, 


nuclear 


inction with 
ift of East 
de veloping a 
r the craft Boeing is to 
cooperative develop- 


ym another plane was 
ist year in connection wit! 
G-E to 
in aircraft and to 


ited Vultee Aircraft Corpora- 


contracts to 


reactor 


d the plane for it 


Sweden's Uranium Deposits 
Undergoing Survey 


Sweden’s uranium de- 
started to try to lay 
or a future production 

Whether 


eve i large-scale produe- 


Sweden 


iknown, although for some 
e Research Institute of the 
Defense has been trying to 
Mis for 


extracting uranium 


lish shale oil deposits 
1946 


ommittee was formed, 


Atomic 
indus- 


when the 


different 
and the Re- 


i:xperimental 


government, fve 
organizations, 
nstitute lor 
olm 


1 Stock! have carried on 


research and 


experimental 
ld of atomic energy. 


reactor, now being 
the capital after excavation 
rock, is expected to start 
next Three to 


year four 


ranium will be needed for the 
hich will be moderated by 
iter imported from Norway. 
200-Mey 


nearing completion. 
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i, a synchrocyclo- 


Inventory Shows Large Potential for Nuclear Research 
in American Colleges and Universities 


Substantial resources for research in atomic and nuclear physics were 


recently reported by more than 100 American colleges and universities, 


according to an extensive inventory completed during 1951 by the Engi- 


neering College Research Council, a unit of the American Society for 


Engineering Edueation. Results of 
this 
interests and qualifications of 25,000 
24,500 graduate 


students and junior staff in all 


inventory indicated the special 
faculty members an 
pl vsical 
750 col- 


and engineering sciences 


leges and universities. The following 
table the 


which replied that at least one faculty 


shows number of schools 


member was experienced and qualified 


to undertake research in the fields of 


atomic and nuclear science 





Puysics 
High-energy particle 
cosmic rays 
Molecular and atomic phy s1c8 
Neutron physics 
Nuclear physics 
Radioactivity and isotopes 
CHEMISTRY 
Atomic 


tures 


and nuclear strue- 


Radiochemistry and tracer 
methods 
ELECTRONICS 


Electron theory 





Of the nearly 25,000 faculty mem- 


bers reported in all physical and 


engineering sciences, 20,000 were con- 
their 
qualified to perform research 
12,000 had 


average of 52°; of these teachers’ time 


sidered by institutions to be 
Only 
research under way. An 
research, and on a 
15% of thi re 
devoted to 


was spent on 


national average 


search time was studies 
sponsored by military agencies or thei 
subcontractors 

Most college faculty members in 
studies are mem 


In this 
survey 


atomic and nuclear 
bers of physics departments 
departmental the 
showed a total of 2,628 faculty 
ll 


category 
mem- 
bers in all colleges and universities. 
Of these, 
sidered 
at least 


way. 


9o79 


2,272, or 86%, were con- 


qualified for research, and 
1,546 had 
These qualified teachers 
an average of 63° of their time 
least 70% of this 


research time was devoted to defense 


research projects 
under 
spent 
on research. At 


projects, including studies sponsored 


by military agencies, the Atomic 


Energy Commission, or their industrial 
subcontractors 

Not all these physicists are in atomic 
and fields. But it is likely 


that a large part of the esearch time 


nuclear 


reported by physics departments is 
devoted to these areas 

As part of 
ECRC also asked for listings of special- 
ized 
be an important factor 


its survey of resources 


research equipment that might 
in the location 
ting list 
but 


complement of 


of specific projects The rest 


is In many respects inadequate 


it hints of a large 


atom and nuclear research equip- 


ment in American colleges and univer- 
sities: IS schools reported cyclotrons, 4 


betatrons, and 6 synehrotrons; molecu- 
lar-beam-research apparatus was listed 
by 11 schools, and 50 reported one or 
more cloud chambers for research use. 

The survey project received reports 
than 700 


universities and substantially all 


and 
the 


from more colleges 
research resources in the physical and 
engineering sciences at American edu- 
institutions are included in 
the inventory. The full report of the 
project is entitled Re- 
search Potential.” avail- 
able, at $1 each, from the office of the 
the 


Council, 


cational 


“University 


Copies are 


Engineering College 
Massachusetts 
Mass. 


Secretary of 
Research 77 
Ave., Cambridge 39, 


AEC Announces Criteria 

for Land Acquisition 

status of the new 
of the 
Atomic Energy Commission, Marion 
W. Boyer, AEC Manager, 
recently announced that the Commis- 


Describing the 
proposed expansion program 
General 


sion Is not at present in a position to 


state whether one or more major- 
facility sites may be required. 

To provide public officials and the 
general public with information on the 
program at this stage and to prevent 
costly land speculation, the AEC let 
it be that it is conducting 
preliminary studies of a number of 


areas in the United States to determine 


19 


known 








New York Academy to Aid 
in Work on Constants 


street Be 


lsotopes-in-Industry Talks 
Planned for Ames 
A Conterence 
Indust 
April 30 to Ma 


neve Ames low: 


sotopes in 


such conference to be hel 
open to all interested individuals ar 
s sponsored bv the school’s Engines 
ing Extension Service in cooperation 
vith its Institute for Atomic Resea 
The nature and handling of rad 
ctivity, availability of isotopes, e 
ment, design of laboratories 


isotopic applications to industri 


search develo} ment wad 
be among the subjects co 

Further 
Dr. Glenn Murp! 


Lab., lowa State ( 


details 


Corporation Formed to 
Manage Canadian Reactors 


Agricultural Research Topic 
of Oak Ridge Symposium 


er SVMmpos 


25-29, 1952, wil 


GAIL ADAMS, University of California 
physicist, inspects 70-Mev synchrotron to be 
used for cancer therapy research. Re- 
cently installed at university medical school, 
the unit weighs 16 tons, was placed in room 
with concrete walls 30 inches thick. Patients 
will be viewed through liquid-filled window 
to protect operating personnel from X-radi- 
ation. A year will be spent on calibration 
and animal experimentation before ma- 
chine is tried on humans. G-E's General 
Engineering Laboratories at Schenectady, 
N. Y., designed the unit and AEC paid for it 


Research rhe sym- 
held under the auspices 
Institute of Nuclear 
Oak Ridge National 
will be sponsored by 
Atomic 


Agricultural Re- 


lrennessee 


formation may be ob- 
University Relations 


Institute, P. O. Box 


ram and 
500.000 have worked 


ther since 1943 


ni’ s fest ant 


lerat 
consvideratior 


productior 


lies of : 
ctor that coulk 
to power ips and submarines 


ave reached final stages, according 


i recent statement by a spokesman 
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(ENARDE) 


ANNOUNCING 


for 1952 


+ NEW FACTORY «+ LABORATORIES « OFFICES 


*« NEW G-M EQUIPMENT 





This is Model MPRA 
which incorporates the 


NRD 
CORONA STABILISER 








Ranges from 60 to 60,000 c.p.m. 
counting by cutting down the 
mains. The 


point in the 


Variable Time Constants 
All voltages stabilised 
muddle 


Stability and aceuracy meet all official require- 


of the plateau 


A decade of nuclear research guides our activities 


TYPICAL APPLIC 
Recording Adaptor 


Phe Recording Adaptor operates standard pen 
recorders and supercedes “Scalers” for all routine 
counting operations. Time hitherto spent with 
stop watch and note book and on subsequent 
transfer to graph form is saved. Spurious « 
are immediately 
contrast to other counting methods 


ATIONS 
Contamination Monitor 
Laboratory 

Hospital 

Personnel 


Def ounts 
— obvious and can be ignored, in 


(reneral 











THE CORONA STABILISER ensures finite accuracy of 
effect 


(:-M tube always operates at a fixed working 


on the 


, spikes 


This ensures greater 
stability of counting and a longer life to the tube 


KRatemeter 


Measurement of Dosage 

Assay of Minerals 

Tracer Studies 

Routine 
tion Studies 

Industrial Process Moni- 
toring or 


X-ray Dillrac- 


ontrol 





CORONA STABILISERS 
GEIGER-MULLER COUNTER TUBES 
PROPORTIONAL COUNTERS & 
NUCLEONIC EQUIPMENT ete: as suc 
cessfully shown at this 
Society Exhibition in London 


Makers of 


years 


Literature gladly supplied on request to 


Physical 


NUCLEONIC & RADIOLOGICAL DEVELOPMENTS LTD. 


22 MARSHGATE LANE, LONDON E. 15, ENGLAND 
Telegrams: “Enarde’’ London 


Telephone: Maryland 4577 
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CHEMISTS 


NORTH AMERICAN 
AVIATION, INC. 


Has positions open for Senior 
Chemists with experience in 
RADIO CHEMISTRY 
RADIATION CHEMISTRY 
NUCLEAR SEPARATION 
PROCESSES 
ATOMIC ENERGY 
RESEARCH DEPT 


This Work is by Direct Contract 
ey 
with 
REACTOR DIVISION 
ATOMIC ENERGY 


COMMISSION 


nt professional oppor- 
while working with a 
trained scientific group 
pating in theoretical and 
mental studies in the field 


of Nuclear Reactor Technology 


WRITE NOW 
hing resume of education, 
experience, and work 


preference 


PECHNICAL PERSONNEL 
SECTION 
AEROPHYSICS 
AND ATOMIC ENERGY 
RESEARCH DIVISION 


NORTH AMERICAN 
AVIATION, INC. 
12214 Lakewood Blvd. 


Downey, California 








for Great Britain’s Ministry ol 
ply. Construction of the reactor 
probably be started this yeal It 
take about a year to build an 


w | r 
iround $2-muillion et OOOOH RHO eeesereseeseets 
. . 


@ An exhibit devoted to industria 


RADIATION - SHIELDED 
VIEWING 


8 
\, | STEEL 


of atomic energy will be featured at the 
Seventh National Chemical E rposition 
to be held September 4-1 3 at the Chicago 
Coliseum. lr addition, the Chicago 


Section of the American Chemical So- 





ciety, which sponsors the exposition, 18 


planning a fu program on the 








LEAD 
GLASS 


wide (CZ *TRADE 


angle of / [ eee 


] if i. ARK 
view / (STEEL a 
¥ 


Hi-D Lead Glass provides clear, direct, 
wide-angle, binocular vision through 


ePOe esc oceseeseseseseseces® 


@A Conterence 

in Plant and Animal Rese 
held at Kansas State 

Manhattan, Kan 

Further into! 

from R. I 

Agricultural Exp 

hattan, Kansas 





FRO HEHEHE EEE EERE EEE EEE EE ES 


heavy gamma-shielding walls. Lead 
equivalent 0.55; steel, 1.0 
Send for circular G § 


‘ PENBERTHY INSTRUMENT CO:: 
Electri oration "+, 666 ADAMS ST., SEATTLE 8, WASH. |* 


eee eee eee eee eee eee eee ee 


owe stingh Ouse 


has received $11,000 


jJrom E. I. du Pont 


in connection t/ 


1EC’s Savannah R 
Among 


supplied are three 


Carotina 


een large 


number of 


© To fill the need RECORD TIME - COUNT QUANTITY AND 


levelopment pr 


neers, the Comn 
sponsoring evening 
trial centers and short summ 
at educational institutions Satintitieal Vin a tials 
ourses would be ina ion to operates on the 
: ie “ vi ‘ ' scaler, photo tube, 
ivailable to experienc any similar device. Records counts with 
anes ' relation to time and quantity on a roll 
the ‘ Oak tidge School oO Ol of tape automatically resets te 


Technology (Nl 


zero 
In Radioactive Research, it saves pre 
cious man hours and results in greater 
economy and efficiency 

@ The Researcl 


fy 


In Industry, it maintains a permanent 
record automatically, recording produc 
tion and time each hour 


o grants, wort! 


sity of Idaho 
. Whatever you ounting problems, our 
] / 
Studies will be é to fir let Engineering Department can adapt these 
. Recorders to meet your particular need 
spin of osmiu 
Write for interesting 


Booklet SC24 


values with the 


vhich 1 already kno 


e The University of Ill 

ing some of its 

facilities to 

AEC research proj 

radioactive material ae ie 
COMPA 

n-AUE’ A 


© Sylvania Electric roducts., r 18 \ RAV 13 teh 
Cc 


plies sewage 


been awarded a 
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search and develop- 
Sylvania has been 

since 1948. The 

of nue lear re actor 
carried out at the 
irgical laboratories at 

Y. Five hundred people 


yed on the neu project. 


ins are being intro- 
medicine through a 
-and-laboratory course 
ves techniques given at 
sics Labor itory ol the 
Foundation, Helena 
Helena, Mont. Five 
cal centers are in the 
ting up Isotope units. 
pan atomic ¢ nergy 
responsible for all uses 
rdioactive materials. 
l carry Oo al ex plotta- 
1 exrclusie rights for ob- 
ig, and processing of all 
Where prospecting is 
mnish government will 
rvation and bar prwate 
s therein. Construction 
eactor for medical and 
sts is reported to be part 


minary plans. 


vorted to have signed an 
the French government 
ooperation in the con- 
1uclear reactor for re- 

he production of radioiso- 
| be India’s first reactor 
take about two years to 

: expected that it will be 


the Travancore coast 


NUCLEAR NEWSMAKERS 


John von Neumann, of the Institute for 


studies at 


Princeton Uni- 
ointed by Presi- 
membership on the 

Advisory Committee. 
named for the remainder 

Cyril Smith, director of 
f the Study of Metals 

; Chicago. Dr. 
gave up the committee 


te all of his time to uni- 


Harry A. Winne, vice president in 
( rge of engineering policy of the Gen- 
Company, and Hans A. 
fessor of physics at Cornell 
ind former chief of the | 
| ies division of Los | 
fic Laboratory, have | 
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ON REQUEST!... 
This Valuable Catalogue 


OVER 170 PAGES OF 
INFORMATION ABOUT 


RADIOELEMENTS 


AND ACCESSORIES 


Natural and pile-produced isotopes 
. 
Bulk radioactive materials 
Alpha, Beta, Gamma and Neutron sources 
Special irradiations 
Accessory equipment 
e 
Recovery and repair services 
Consulting and advisory services 
. 


Procurement procedures and forms 
Shipping and transportation 
and other features 


For your copy of Catalogue B, write to 


oR 
es0OF 40, 


ie Eidorado 


<£) a 


Sy MINING AND REFINING (1944) LIMITED 


th \ Mw COMMERCIAL PRODUCTS DIVISION 


sai P.O. BOX 379 OTTAWA, CANADA 
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| ISOTOPES 
IN 
MEDICINE 


Vol oO, No 2 3 
British Medical Bulletin 
Available Sepa itely 


$3.25 per copy 


nt work 
] uses ot 

pDar- 
clinical 


ontains 


eT! peutic 
radio- 


radioac- 


Oxford University Press, Inc. 
ang : 


N \ 


p 








OXFORD UNIVERSITY 
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been appointed = to the ommittee 
on Atomic Energy he Researcl 
Robert F. 


Bacher, former member of tl AR 


and Development Bi 


is the committee chairman 


Charles S. Simons, associ 

of physics at Louisiana State 
versity has joined the Oak 
Institute of Nuclear Studies as a s 


scientist in the special training « 


Willard F. Libby of the Unive: 
Chicago has received the 1951 
search Corporation Award for his 
on carbon-14 dating of archaeolog 
remains The award consisted 


plaque, a citation, and $2,500 


Russell S. Poor has taken a vear’s lea 
f absence as chairman of the unive 
sity relations division of the Oak Ridge 
Institute of Nuclear Studies to j 
the National Science Foundation 
Washington, D. ¢ 

head the resea 

of NSF's division of 


ind educatio! 


George Gamow, | 
protessor t theoretical pl 
George Washington Univ 
go to Japan in May for a three-week 
lecture tour as one of four internat 


t} 
the 


hgures«invited to participate 


a ipanese Peace Tre it 


Urner Liddel took 

as chief of the pl 

branch of the 

search, He fort 

f the division of 
Office of Na 

inistered the 


Fram in hucieat 


Horace S. Isbell, hi 

research at the N 
rec 

brand Award 

ical Societ 

He was cite 

to the 


nthesis of 


Raddie M. Wallace 
moted to assistant mana 
Phillips Petroleum Cor 


energy division at Idal 


Walter J. Williams, 
manager of Ak(¢ 
addition to his 
duties of assistant gener mia 
a post held 
Maj. Gen. Thomas F. 
James L. Kele- 


manulacturing 
recently by 

Farrell, who resigned 
ham, forme! assistant director 








DOUBLE BARREL 
ADVERTISING 


Advertising men agree 
to do a complete adver- 
tising job you need the 
doukle effect of both Dis- 
play Advertising and Di- 
rect Mail. 

Display Advertising 
keeps your name_ before 
the public and __ builds 
prestige 

Direct Mail 


ments your Display Ad- 


supple- 
vertising. It pin-points 
your message right to the 
executive vou want to 
reach—the person who 
buys or influences the 


purchases. 


In view of present day 
difficulties in maintaining 
your own mailing lists, 
our efficient personalized 
service is particularly im- 
portant in securing the 
comprehensive market 
coverage you need and 


want. 

Ask for more detailed 
information today. You'll 
be surprised at the low 
overall cost and the tested 
effectiveness of these 


hand-picked selections. 


McGRAW-HILL 
PUBLISHING CO., INC. 
330 West 42nd Street 

New York 36, N. Y. 
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has been promoted to the 
sistant to Mr. Williams in 


Thomas H. Pigford has given up 
dire the Massachusetts In- 
Technology practice school 

Ridge to work with the reactor 

t the Oak Ridge National 

He will return to MIT 

take up appointment 


professor of nuclear 


Don A. Miller has been named manager 
ind Henry L. Greene assistant man- 
iger of operations for du Pont at the 
ARC's innah River plant 


Daniel J. Cavanaugh and Arthur E. 
Heath, radiochemists, have taken up 
positions with Nuclear Instrument «& 
Chemical orp. They are working 
mpany’s new biosynthesized 

ibeled sugars and algae 

Robert D. Piper, formerly 

Industrial Mobilization 

vy Corps of Engineers, has 


d Nuclear’s assistant sales 


Darleane Christian Hoffman, formerly 
the Institute for Atomic Research 
State College, is now doing 

it the Oak Ridge National 


MEETINGS 


Industrial Hygiene Association 
und )=«6Plaza-§ «Hotel, Cincinnati 
22-24 
al Symposium on Fundamental 
Research; also Cancer Pathology 
ogy Conference on Tumors 
Diseases of Bone (sponsored 
srsity of Texas and College of 
’athologists) Shamrock Hotel 
exas, Apr. 25-26 
ider of Sciences, Annual 
Washington, D. C., Apr. 28-30 
Powder Show, Metal Powder 
Sth Annual Meeting—-Drake 
ago, lli., Apr. 29-30 
Use of Radioisotopes in 
lowa State College (mes 
May 1 
an Physical Society Washington 
, May 3 
ctrochemical Society, 50th Anni- 
Meeting, including Symposium 
>» Metals—Philadelphia, Pa., May 


Apparatus Makers Association, 
Meeting — Edgewater Beach 
cago, Ill., May 6-9 
Nuclear Energy Atom 
nd the Future Michigan State 
East Lansing, Mich., May 20-21 
mer 1 Society of X-Ray Technicians, 
Annual Meeting—Morrison Hotel, Chi- 
cago, Ill., May 25-29 
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Exclusive combination 
monocular-binocular tube 
for photomicrography 


itz ORTHOLUX 


the STAR among research microscopes 


Another of the famous Leitz Microscopes 
. recognized everywhere as the 
finest microscopes made anywhere. 


Now helping to chart new frontiers in all fields 
of scientific research, the Leitz ORTHOLUX 
is world-famous for outstanding precision 
and quality. To make the ORTHOLUX more 
useful than ever, Leitz now offers a combination 
monocular-binocular tube which enables you to 
photograph the microscope image without 
changing tubes. You change instantly from 
microscopic observation to photomicrography. 
All the features needed for easier, e 
less tiring observation: 
Built-in illumination system for 
transmitted or incident light 
Berek double-diaphragm condenser 
Large, square built-in mechanical stage 
with low set drive 


Low set micrometer fine adjustment 
on double ball bearings 
Counter-balanced coarse focusing 


/ 
for nuclear track work / 


Sfeit= MICRO-OPTICS 


A new series of objectives and 
eyepieces designed especially 
for observation of cosmic ray 
“events” on nuclear tracks. Par- 
ticularly recommended for use 
with the Leitz ORTHOLUX and 
Type ‘B" stand microscopes. 
Also may be used on othe 
standard types of microscopes. 


For further information write 
Dept. 1O4NU 


E. LEITZ, Inc., 304 Hudson St., New York 13, N. Y. 

LEITZ MICROSCOPES ¢ SCIENTIFIC INSTRUMENTS © BINOCULARS 
LEICA CAMERAS AND ACCESSORIES 
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PRODUCTS anno MATERIALS 


alternative gains of 50, 150, and 450 
rise time varies from 0.25 psec to 0.5 
usec, depending on gain. The cath- 
ode-follower output stage has 

impedance of about 150 ohms One 


stage of high-vol » filtering is pro- * 


-supply network 


Cobalt-60 Sources 


Tracerlab, Inc., 130 High St., Boston 
10, Mass. Nineteen Co sources, 


inging mm 50 me to 25 
for use by foun- 
fabricators, and 
rees are 21 X 10 

placed in lerromagnetic 
Sample Changer ; | rge threaded hole 
El-Tronics, Inc., 2647 N. Howard St., P provided to accept a remote-handling 
Philadelphia 33, Pa. The sliding sam- a 1; a hole a ndling with string 


ed t} lel LS¢ 


Dual-Beam Oscillograph 


Allen B. Du Mont Laboratories, Inc., 
1500 Main Ave., Clifton, N. J. The 


304-H_ oscil Analysis-Unit Mount 
inet. The tyy Landsverk Electrometer Co., 140 W. 


yperates 


Providencia Ave., Burbank, Calif. 
3,0) vi ‘he model L-76 lazy-Susan mount sup- 


-level alpha or beta determinations 


o-A analysis units, lor 
srequency response Oo! the z and y n dry or liquid samples. Any unit 
of both channels is down not more t y be loaded, charged, and read with- 
10% at 100,000 eps, and not more tl it disturbing the others 
at 300,000 eps: deflection 

is 0.028 peak-to-pe ik its per incl 
Scintillation Counter cae \Gaeeedal sunt caption 
E. K. Cole, Ltd., Southend-on-Sea, Driven and recurrent sweeps are 
Eng. The el] N509 ntillatio tinuously variable from 2 to 30,000 
counte 
work The 
interchangea 
multiplier t 
tapered end of the inst ent houses a ; 
removable lead mat Counting Optics 
efficiency for 1-Meé mmas is said  Electro-Physics Co., Instrument Optics 
to be 40%; geometry fora point source Division, 287 Broadway, New York 7, 
at the end of the collimator is 2.5 X N. Y. Orders are being accepted for 
10-*. The photomultiplier isan EMI lenses of any curvature in diameters Age Finder 
type 5659, which in ll-stage tube from 3 to 75 mm, tempered or super Radiation Counter Laboratories, Inc., 
with a gain of 10’ when operated at hardened lenses, prisms, filters, optical 5122 W. Grove St., Skokie, Ill. This 
160 volts per stage; additional cooling flats, and laminated combinations of Libby C' age determination machine, 
is not required. The amplifier has any of these mark 15 model 40, is designed for 
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NEW AIRCRAFT NUCLEAR PROPULSION PROJECT 


offers career oppertunities for engineers and scientists 
in the development of a Nuclear Power Plant for Aircraft. 


In the stimulating and diversified work of developing the 
first power plant for Aircraft propelled by nuclear energy . . . in the 
association with men whose creative ideas spark their own thinking... 
in the active encouragement they receive and the tangible recognition of 
their efforts, there is real satisfaction and opportunity. 
We invite you to investigate the challenge of developing this Nuclear Power Plant. 


Opportunities Exist in the Following Fields 
for Qualified, Experienced Personnel: 


DESIGN ANALYSIS Analytical Nuclear Development Engine Controls 
Engine Thermodyrbmics Experimental Nuclear Development Electronic Controls 
Reactor & Shield Aerodynamics Instrumentation Materials Development 
Installation Heat Transfer Mechanical Development Metallurgy & Ceramics 
Test Facilities Nuclear Controls Analytical Chemistry 


Do not apply, please, if your best skills are being used for vital defense work. 
Please Send Resume To 
R. C. Mark, Supervisor of Personnel (Dept. N-1) 
AIRCRAFT NUCLEAR PROPULSION PROJECT 


GENERAL tag) ELECTRIC 
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finding the ive of artifacts The 


From a Single Dependable Source — A Complete Line of Libby screen-wall counter has an 8-in. 


X-RAY ACCESSORIES on PROTECTION Ud neta ame 


neidence counters The scale-of-two 


60 circuit feeds a six-digit register. The 
COBAL SAFE regulated high-voltage supply is 

able from 500 to 2,000 volts; it 
Typical of the unusual prob- 
lems that we are called upon 
to solve. Cast in one piece of 
solid lead, 9° in diameter, it is 
equipped with a solid lead 
stopper and allows storage 
space in the center of the 
sphere approximately ¥"x 3%, 
This unit can be modified to 
suit individual requirements 


claimed the supply will change 10 volts 
in 14 hours, at a 1,900-volt setting 


Comes complete with strong $165°° 
shipping container, as shown 


A good example of Bar-Ray “know-how” 
gathered during more than a score of 
years in lead and lead products. Whether 
your problem be one of radiation pro- 
tection, an isotope fume hood or a 
special x-ray deyeloping tank, we invite 
your inquiries. 


. 


1 
1; 


Write for new illustrated catalog 


Stoinless Stee! Processing Systems Film Transfer Cabinets 
Thermo’ Volve A bt lead Protective Screens 
Isotope Fume Hoods ard bobs 

lead Lined Chests and Safes 





Ink-Writing Galvanometer 
Edin Co., Inc., 207 Main St., Worcester 
8, Mass. Four 1 


8003, and SOO4) of ink-writing 


BAR-RAY PRODUCTS, Inc. 209 25th st., BROOKLYN 32, N. Y. » PHONE: SOuth 8-1022 
odels (S001, SOO02 


gal 





vanometers are iVailable with sensi- 


ivities of 3.5. S 5, and volts ¢m 
NUCLEAR DEVELOPMENT ASSOCIATES, INC. — on 


respectivel\ Resonant fre quencies of 
—NDA — the four instruments are 15, 35, 60, and 
120 cps; maximum frequency responses 
@ Consulting Engineers, Physicists, and Mathematicians are 30, 70, 150, and 350 eps. The 
: . ’ . . rise time of the st is in the model S004 
@ Analytical and Experimental Engineering recorder can be 


@ Mathematik il Physies supplied x } ; or 9 chart speed 
@ Vi CLEAR REACTORS and other High-Performance a — 


| Heimneering Processes and Designs 


80 GRAND STREET WHITE PLAINS, NY 











SCOPE DOLLY 
Model 1 
Convenient Height and Viewing Angle 
Adjustable to Hold Portable Scopes 
Ball Bearing Swivel Rubber Tired Casters 
Lightweight Aluminum Construction 
Recommended by Laboratories Wherever Used 


$35.00 £08 tovisville, ky. Scintiscope 


Formerly manufactured by UNIQUE DEVICES R-C Scientific Instrument Co., 335 
Now manufactured and sold by ¥ 
a Culver Blvd., Playa del Rey, Calif. 


TECHNICAL SERVICE CORPORATION | & tie ote) Cax16? alps sent 


scope, pulses can be monitored audibly 
3116 Michigan Drive Louisville 5, Kentucky 








and are also accumulated by a rate- 





88 April, 1952 - NUCLEONICS 





‘five ranges 


ts of 20. 200. 2.000. 


200.000 epm Individual 
ire provided 

he letector 18 a 
mbedded in plastic, 
iovable cap. 

pl is used. A 

e model CAX17P 

n of gamma and 

heta radia- 


me as for the 


SOLID STATE PHYSICS 


Cryogenic 

Nuclear resonance experiments 

Superconductivity 

Resistance minima in metals at low temperatures 

Second-sound in liquid Helium Il 

Thermal conductivity and specific heat of solids 

Phase changes of the second order 

. are a few of the studies utilizing the ADL Collins Helium Cryo- 

stat —a complete installation providing 4 liters of liquid helium per 
hour and capable of maintaining test chamber temperature from 


on ambient to —271°C. 


Metron Instrument Co., 432 Lincoln H 
St., Denver 9, Colo. The rotary Magnetic 


evice can select one @ Magnetic susceptibility of metals and alloys 
ind adjoining @ Paramagnetic resonance experiments 

10-to-1 spread in ®@ Magnetic properties of many materials 

iting meter has three ® Solidification and crystallization studies 


lels Cover speeds 


. are examples of work aided by the ADL Electromagnet. Vari- 
able air gap, interchangeable pole pieces (up to 11” in diameter) and 
fields of over 40,000 gauss with only 20 KW power input, add up 

to a remarkably versatile electromagnet 


00,000 rpm Accuracy is 

No damage to the 

from selection 

rverspeeding by 

it is claimed for a wide variety of research projects. 
fixed-installa- Write for 

Bulletin NC-5, Collins Helium Cryostat 

Bulletin NM-4, ADL Electromagnet 


Delay Lines Ay 
Technitrol Engineering Co., 2751 N. “ y 


Fourth St., Philadelphia 33, Pa. Con- : 
t yur d ines are available 
agro dlpsene apolar sen ws ARTHUR D. LITTLE, INC. 
2 »é a ‘ Vechanical D r 
120 to 3,000 ohms 
eee ee 7 30 MEMORIAL DRIVE, CAMBRIDGE, MASS. 
time and attenuation 


PU pe CEARCH . TECHNICAL ECONOMICS ENGINEERING . ADVANCED EQUIPMENT 


} 


0.75-use ne with 1,000-ohm im- 
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SANBORN 


RECORDING 
EQUIPMENT 


AMPLIFIERS 


General Purpose 
Strain Gage 


RECORDERS 


One-, Two;, 
and 


INTERCHANGEABILITY 
of Preamplifiers and 
Amplifiers permits 
recording of many 
different types 


of phenomena. 
> 
Ce 


> 


4 
- 


EITHER 


CHANNEL 


Genero 
Ger. or the 
binatior 
chonne 
either A 
fiers. F 
Amolifie 
fiers m 
REMOVEL 
ond as au 


with on alterr 


SANBORN RECORDING SYSTEMS 
produce f nent fecords ; 
Stylus on 5 t 


eated 
coordinates 

and four 

pendently 

Up to eight paper 


Write for completely descriptive 


SANBORN conoisoe 2 


COMPANY Massachusetts 
90 


catalog 


pedance has a rise time of 0.1 wsee and 
The nes 


mount in standard %4¢-in. fuse clips 


an attenuation of 2 db. 


Power Supply 

Sorensen & Co., Inc., 375 Fairfield 
Ave., Stamford, Conn. Thi 
325BB “B-Nobatron” is a d-« 

supply that 

0-325 voits at 0-124 

f 0-150 volts,"an 


of 6.3 volts, a- nperes 
output is floating so that either 
minal may be groun 

that 
between 20 and 325 volts, and 


Models that 


ide power in other r: 


regulation is good to 


ripple is 10 


! ! 
available 


INDUSTRY NOTES 


Nuclear Instrument and Chemical 


Corp., 229 W. Erie St., Chicago 7 
Ill., recently enlarged its plant area 
additional space lI 
The additiona 


production 


20% by aequiring 
its present building 
space allowed the 


technical division, including the cl 


istry department to expand facilities 


PThe Austin Co., 
Division, has new headquarte rs in the 
Port of New York Authority Building 
76 Ninth Ave., New York 11, N. ¥ 
The made 
expanded 
design, and production of computers 


Special Devices 


move was necessary by 


activity in development 


control systems, and other devices 


> Brown, Boveri and Co., Ltd., Baden 
Switzerland, is expanding its opera- 
tions to include particle accelerators 
The company 
build betatron 


is ready to plan and 
installations from its 


own designs. 


> Victoreen Instrument Co., 3800 Per- 
kins Ave. 


quired all stock of Pioneer Electronics 


Cleveland, Ohio, has ac- 





EXPERIMENTAL 
NUCLEONICS 


By ERNST BLEULER and 
GEORGE JASON GOLD 
SMITH, both of Purdue Univ. 
Primarily a handbook for stu 
dents in radioactive tracer tech 
nology, nuclear engineering, and 
nuclear physics, this book in- 
cludes experimental procedures 
related to the measurement of 


1 


radiations from radioactive 


sources, as well as information 


in regard t setting up and 


operating a tracerlab. Copi 
ously illustrated with numerous 
tables, diagrams, and graphs, 
the book Segre 


chart of the isotope. 


includes the 


available April 
probably 448 pp. $7.00 





RINEHART & COMPANY 


232 madison ave. new york 16 








WANTED «xx 
F i ENGINEERS, 


\ 


= \ SCIENTISTS 


Unusual opportunities for outstanding 


and experienced men. 


These top positions involve preliminary 
and production design in advanced 
military aircraft and special weapons, 
including guided missiles. 


IMMEDIATE POSITIONS INCLUDE: 


Electronic project engineers 
Electronic instrumentation engineers 
Radar engineers 

Flight test engineers 

Stress engineers 

Aero- and thermodynamicists 
Servo-mechanists 

Power-plant installation designers 
Structural designers 
Electro-mechanical designers 
Electrical installation designers 
Weight-control engineers 


Southern Cali- 
travel 


location in 
allowance for 


Excellent 
fornia. Generous 
expenses 


Write today for complete information 
on these essential long-term positions. 
Please include resume of your experience 
& training. Address inquiry to Director 
of Engineering. 


NORTHROP AIRCRAFT, Inc. 
1053 E. Broadway 
Hawthorne (Los Angeles County) Cal. 
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HOW TO 


SOLUBILIZE ° O 


RADIOACTIVE PARTICLES 


o retnove radio- 

solubilize the 

t away with large 
is to remove the 
ther method is 


the sodium salt of ethylene 


ndustry 


I for Technical Bulletin No. 2 
est *Trade Mark 


BERSWORTH CHEMICAL CO. 
FRAMINGHAM, MASS. 





WHERE 
To Buy 








wee eeeeeeeeeeeeeeee 
* HI-D* LEAD GLASS WINDOWS 
* for use in steel and lead walls 
* Ceriba* BARIUM GLASS WINDOWS 
for use in concrete walls 
*Trademarks 
PENBERTHY INSTRUMENT CO 
666-8 Adams St Seattle 8, Wo 
*eeeeeeeeeeeeee + © 


**eeeeeee 


SEARCHLIGHT 
Ay eg gle), | 


(Classified Advertising 


EMPLOYIAENT . 
EQUIPMENT USED oR 


OPPORTUNITIES 


UNDISPLAYED RATE 

$1.50 a line. Minimum 
DISPLAYED RATE 

$15.00 per inch 
ADVERTISING INCH 


14 inches 


BUSINESS 
RESALE 


3 lines. 


on one col- 
umn é coiumns to a page. 

NEW ADVERTISEMENTS 
Address: 330 W. 42nd St., New York 36, 
N. Y., for May issue closing April 23rd 








General Electric Type YYZ-1 
DECADE SCALING UNIT. 
New Perfect Condition 
$300.00 
Export Factors, Moraga, Calif. 
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Cyrus W. Haller, 
has been ap- 
Addi- 


been 


Corp., Salem, Mass. 
Pioneer's president 
pointed president of Victoreen 

tional manufacturing space has 


acquired at New London, Ohio. 


P Nuclear Research Corp., 2563 Grays 
Philadelphia 16, Pa., has 
announced that Murray Makransky 
has been elected president to succeed 
H. Dickson Boenning. Mr. Makran- 
treasurer and general 
Norman Cherry was named 


Ferry Ave., 


sky was sules 
manager. 
vice-president in charge of production 


and Charles E. Mandeville 


vice-president in charge of researc 


Was named 
} 


LITERATURE AVAILABLE 


Radiation detectors. I/lustrated bul 
GEA-5735 


General Electric Co 


describes detectors 


letin 
Schenectady, N 
Catalog shows 
Dwyer Mfg. Co 
Chicago 12,1 


Gages. 
gages. F.W 
Western Ave.. 


ves data 


Seamless tubing. Catalog g 
tubing 


Uniform 


metal 
College ille 2, Pa. 


} 
on seamless 


Tubes Level Rd 


Bulletin gives specifications of 
shunt Keithley Instru- 


eveland 


Shunt. 
electrometer 
ments, SS68 Carnegue Lie ( 


15. Ohio. 


Electron sterilization. ulletin D de- 


scribes commercial application of 
high-voltage-electron sterilization. 


High 
University Rd., Can bridge 388 


Corp., 7 


Vass 


Voltage E ngineering 


Flexible shafts. Handbook gives data 
on flexible transmitting shafts. S. S. 
White, Industrial Division, 10 E. 40th 


by Mix 2 0, ee Fs 


Bulletin describes sat- 
Magnetic Ampli- 


Lith Drive, Long 


Transformers. 

urable transformers. 
Inc., 11-54 

Island City 1, N.Y. 


fers 


lists line of 
Clarostat Mfg. 


Resistors. Catalog 51 
resistors and controls 


Co., Tne., Dover, N. H. 


Bulletins GB4-1951 and 
battery, 


Connectors. 
335-1951 
laboratory, and switchboard connec- 
tors. Electric Co., Box 76, 
Lincoln Heights Station, Los Angeles 81, 


give details on 


Cannon 


| Calif. 


instruments. Brochure dis- 
instrumentation for 
Nuclear Instrument 


223 W. Erie St., 


isote ype 
utilization. and 


Chemical Corp., 


| Chicago 10, Lil. 





NEW SUPERIOR 
GM COUNTER 
AT THE LOWEST 





1!<" Active Diameter Fusion 
a Seal Mica Window; 1.6 
mg /cm* & up. 


>» Tested to withstand any alti- 


tude or climate. 


» Superior electrical charac- 
teristics. 

Small size (116 x 2! 4”) for 

7 lowest background and 

maximum mounting flexi- 


bility. 


Features NDL's unique elec- 
PB trode design and rugged 


metal construction. 


Guaranteed for one year and 


> 10° counts. 
* Unbelievably low cost! 


vam: 


As a result of 


Write for quo- 
tations on BIE 
counters. 


recently im- 
proved manufacturing tech- 
niques, NDL’s many other 
superb quality counters are 
now available at greatly re- 


duced prices. 


NUCLEAR 
DEVELOPMENT 
LABORATORY 


P.O. Box 7034 Kansas City, Mo. 

















SEND FOR Stupakoff 


Perfectly closed and durable air-tight assemblies 
are made with Stupakoff Kovar-Glass Seals. The 
use of hard glass for these seals provides the highest 
degree of protection against thermal shock and 
weathering. Kovar is the ideal metal for such seals 
because its expansion characteristics closely match 
those of the hard glass to which it is readily bonded. 
The resulting seals are uniform in quality and 
easily assembled. 

Stupakoff Seals are available in a wide variety of 
standard sizes and designs, and can be made in 
many special forms, as indicated by the illustration 
ibove. Extensive experience has given Stupakoff 
insist te aeeeatigl edi the engineering and man- 


form of tubes, rods, sheet 


ufacturing knowledge and 
foil and fabricated shapes 


skill to produce Kovar- 
Glass Seals that are made 
accurately, uniform and 
dependable. We will gladly 
submit samples and 
quotations. 


drawings and specifications on many standard seals. 


STUPAKOFF CERAMIC AND 
MANUFACTURING COMPANY 


Latrobe, Pennsylvania 
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LIBBY C* AGE DETERMINATION MACHINE-RCL Mark 15 Model 40 


Determining the age of an artifact by radioactive means has now been put on a firm foundation. (W. F. Libby, Science 114 
991 (1951), and J.R. Arnold and W. F. Libby, Science, 113, 111 (1951). Since 1948 Radiation Counter Laboratories, Inc 

has made some thirty-five Libby Screen Wall Counters and has now completed several complete Libby C''! Age Determina- 
tion Machines for leading laboratories. This machine consists of a ring of 11 matched anti-coincidence counters, the latest 
design Libby Screen Wall Counter (see Fig. 1), an electronic circuit containing separate voltage supplies for each set of 
ounters, a scale of two circuit, and a Veeder-Root recorder, together with an anti-coincidence circuit. Special techniques 
have been developed to assure low background. Each circuit is individually tested before shipment. The use of standard RCL 
Cosmic Ray Counters for the anti-coincidence counters assures a readily available source of replacement. To publish your 
paper early using the Libby C'' Age Determination machine as a tool, enter your order immediately 


Price, complete as shown $1,795.00 each 
Extra Anti-Coincidence Counter 35.00 each 
Extra Libby Screen Wall Counter 295.00 each 
Spare Tube Kit 40.00 each 


SPECIFICATIONS 


1. Latest Libby Screen Wall Counter with 8-inch active length 11. Twelve hour standard electric timer 
Internal cathode consists of grid wires for maximum detection 12. Power requirements: 200 watts at 105-125 volts, 60 cycle A.C 
sensitivity. Stop cock filling. Counter readily slides from anti- $3. Siendad eshlant: 81 1< te: & 16 te, 2 00 


i lat 
coincidence cage in., copper plated 


and finished in attractive smooth grey hammertone 
Eleven 2 x 20-inch anti-coincidence counters conveniently 14. All hardware is stainless steel, where possible 


mounted in a low activity frame 


Higinbotham scale of two circuit proved through years of use 
High voltage range 500 to 2000 volts —_ OY 7 
Line voltage range 105 to 125 volts. A 10°. line voltage change “ — 

will vary the high voltage less than 0.1 





Voltmeters—finest obtainable 

Long term regulation—high voltage will change less than 10 
volts at a 1900 voltage setting over a period of 14 hours 
Electronically regulated low voltage power supply 


Chassis mounted sensitivity control continuously variable from 
0.2 to 5 volts, preset at RCL at 0.25 volts 
Six-digit Veeder-Root register 


For further information write Dept. N-A 


RADIATION COUNTER LABORATORIES, INC. 


5122 West Grove Street Skokie, Illinois 








Perfectly closed and durable air-tight assemblies 
are made with Stupakoff Kovar-Glass Seals. The 
use of hard glass for these seals provides the highest 
degree of protection against thermal shock and 
weathering. Kovar is the ideal metal for such seals 
because its expansion characteristics closely match 
those of the hard glass to which it is readily bonded. 
The resulting seals are uniform in quality and 


easily assembled. 


Stupakoff Seals are available in a wide variety of 


standard sizes and designs, and can be made in 


many special forms, as indicated by the illustration 


above. Extensive experience has given Stupakoff 


the engineering and man- 


Kovoar metal is supplied in the 
form of tubes, rods, sheet, 
foil and fabricated shapes 


: skill to produce Kovar- 
| Glass Seals that are made 
Ww accurately, uniform and 
cS dependable. We will gladly 
° submit samples and 
[2 <= 


quotations. 


ufacturing knowledge and 


SEND FOR Stupakoff Bulletin No. 851, containing photographs, 


drawings and specifications on many standard seals. 


STUPAKOFF CERAMIC AND 
MANUFACTURING COMPANY 


Latrobe, Pennsylvania 
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LIBBY C* AGE DETERMINATION MACHINE-RCL Mark 15 Model 40 


Determining the age of an artifact by radioactive means has now been put on a firm foundation. (W. F. Libby, Science 114 
291 (1951), and J.R. Arnold and W. F. Libby, Science, 113, 111 (1951). Since 1948 Radiation Counter Laboratories, Inc 

has made some thirty-five Libby Screen Wall Counters and has now completed several complete Libby C'' Age Determina- 
tion Machines for leading laboratories. This machine consists of a ring of 11 matched anti-coincidence counters, the latest 
design Libby Screen Wall Counter (see Fig. 1), an electronic circuit containing separate voltage supplies for each set of 
counters, a scale of two circuit, and a Veeder-Root recorder, together with an anti-coincidence circuit. Special techniques 
have been developed to assure low background Each circuit ts individually tested before shipment The use of standard RCL 
Cosmic Ray Counters for the anti-coincidence counters assures a readily available source of replacement. To publish your 
paper early using the Libby C'' Age Determination machine as a tool, enter your order immediately 


Price, complete as shown $1,795.00 each 
Extra Anti-Coincidence Counter 35.00 each 
Extra Libby Screen Wall Counter 295.00 each 
Spare Tube Kit 40.00 each 


SPECIFICATIONS 


1. Latest Libby Screen Wall Counter with 8-inch active length 11. Twelve hour standard electric timer 
Internal cathode consists of grid wires for maximum detection 12. Power requirements: 200 watts at 105-125 volts, 60 cycle A.C 
sensitivity. Stop cock filling. Counter readily slides from anti- $3, Stendaad cibiect 0656 ta. 0 48 lace 1016 bn 7 onan ehtet 
coincidence cage and finished in attractive smooth grey hammertone 
Eleven 2 x 20-inch anti-coincidence counters conveniently 14. Alll hardware is stainless steel, where possible 
mounted in a low activity frame P 


High voltage range 500 to 2000 volts 


Line voltage range 105 to 125 volts. A 10°. line voltage change i ‘ ma 
will vary the high voltage less than 0.1 


Higinbotham scale of two circuit proved through years of use i 


Voltmeters—finest obtainable 

Long term regulation—high voltage will change less than 10 
volts at a 1900 voltage setting over a period of 14 hours 
Electronically regulated low voltage power supply 

Chassis mounted sensitivity control continuously variable from 
0.2 to 5 volts, preset at RCL at 0.25 volts 

Six-digit Veeder-Root register 


For further information write Dept. N-A 


RADIATION COUNTER LABORATORIES, INC. 


5122 West Grove Street LABORATORIES Skokie, Illinois 





nuclear’s 


ISOTOPE 
FARM’ 


@ Now, you can order carbon 14 
labeled sugars and algae from 
NUCLEAR stock in the quantities 
you require! Many other compounds 
are available on special order. Cost 
is low, and time-consuming com- 


pound preparation is eliminated. 
NUCLEAR’S new biosynthetic nuclear CHEMICALS...C'4 LABELED 


process assures compounds of the 


. Available from Stock Price /100 microcuries 
highest purity, giving you maxi- 
mum control in met abolism or sucrose $ 89.00 

: d-glucose 195.00 
tracer studies — wherever you d-fructose 175.00 
choose to explore. Controlled algae (chlorella) 39.00 


production maintains purity and (Specific activity 0.5 microcuries per milligram) 


activity level of all compounds to Available on Special Order (Prices on request) 
assure correct assay wherever used Sugars or algae Fructose Phosphates* 


NUCLEAR’S special introductory — specific activity pr oa 


40mg. package of d-glucose, with Digitoxin Barium Carbide 
an activity of approximately Chlorophyll Acetylene 
woe : F Carotene Trichloroethylene 
50,000 disintegrations per minute feciiets dais pont Sea 
per mg., is $17.50. No AEC author- Fatty Acids Other Compounds from biological 
ization is required, but only one Glucose Phosphates* or organic synthesis 


package can be shipped per order. *Either C!4 or P32 labeled 


nuclear INSTRUMENT & CHEMICAL CORPORATION 
235 West Erie Street + Chicago 10, Illinois » Cable Address: Arlab, New York 
Western Office: 1063 Colorado Bivd., Los Angeles 41, California 
Export Department: 13 E. 40th St., New York 16, New York 


Scaling Units for Every Type of Radiation Counting Glass Well, Mica Window, and Windowless Counters 
Complete eheget” Counting Systems Portable Count Rate Meters ‘ 
Health Monitori for P | Protection Radioactive Chemicals 





Complete Line of Accessories for the Nuclear Laboratory SEs 4 
nuclear “PRECISION INSTRUMENTATION FOR NUCLEAR MEASUREMSNTS® | 





